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than was thought to be knewn. A table published many 
years ago embodying the results of experiments with strik- 
ing distances made with a high potential batte 
a long time used as a sort of standard and w sonsidered 
by many to show a reliable law. We now find out, how- 
ever, that the law, if there is any universal law at all, is 
quite different from what it was supposed to be. The in- 
structive experiments described by Mr. Skinner, of the 
Westinghouse company, in another column, accompanied 
by some very interesting cuts, are of the kind which will 


doubtless lead to a clearer understanding of this interesting 
field. 


y was for 


Efficiency of the Lauf- WE are glad to be able to announce that 

fen-Frankfort Plant. some of the results of the official test of 
the Lauffen-Frankfort transmission of power plant have 
at last been made public, although the details, we regret 
tosay, are still wanting. It appears from this report that 
the efficiency, measured from the turbine shaft at Lauffen 
to the secondary terminals of the transformers in Frank- 
fort, was, in round numbers, 75 per cent. The loss of 25 
per cent. was distributed about as follows ; Eight per cent. 
in the dynamos, 11 per cent. in the line, and three to four per 
cent. in each of the transformers. It will be noticed from 
this that the figures of the efficiency, which we published 
Some months ago, received from private sources, were so 
near to the correct results that the present reports m¢ rely 
corfirm them definitely, but add nothing new. There is 
still a {question of how the efficiency will fall for smaller 
loads, in which case the charging of the line becomes a 
more important matter. In large plants, however, it is 
the efficiency at full load which is of importance, and not 
that at small loads, An efficiency of 75 per cent. is cer- 
tainly excellent for a transmission of over 100 miles through 
wires which, to all appearances, are not larger than the 
usual telegraph wires, 


Qualification of IN another column a contributor ap- 

Faraday's Law. pears to question the validity of Fara- 
day’s law regarding the equivalents between a current and 
the metal deposited by the current. It ought to be under- 
stood, however, that it is really not Faraday’s law which is 
in question as much as the way in which it is often stated 
by others. It is well known, for instance, that the amount 
of copper deposited per ampére per second may be double 
as much in one solution as in another, depending on the 
chemical combination in which the copper is held in that 
solution. This fact is well known and is stated in text 
books, which are clear and complete. It would appear, 
therefore, that, rather than to shake the foundation of our 
knowledge of electricity by questioning the yalidity of one 
of the fundamental laws, this law should be qualified or 
stated more clearly so as to cover all cases. The language 
often used in giving this law in books may not be sufti- 
ciently exact, but the law itself when properly understood 
would not have stood unquestioned so long if it were not 
correct. There is another law which should not be for- 
gotten, namely, ‘‘Don’t monkey with a buzz saw,” which is 
good advice to persons who attempt to overthrow well 
established laws. 


Recent Progress n Bleo- IT may seem almost superfluous 
trical Industries, to give figures to substantiate the 
statements that have been made about the almost ab- 
normal growth of the electrical industries; but for the bene- 
fit of the skeptical, as well as for others interested in the 
actual figures, we have compiled the following, which 
fully substantiates the claims made regarding this growth. 
From the reports of the various Secretaries of State it ap- 
pears that in the last eight months 284 new central light- 
‘ing stations were incorporated, representing a capital of 
$100,192,900; 183 new general electrical trades, represent- 
ing a capital of $67,946,500, and 105 new street railways, 
representing a capital of $61,100,300, not all of which, how- 
ever, were electrical, although we have no doubt it will be 
1d from detailed reports that by far the larger part of 


.them; other portions, 


a | 
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ter a great variety of powers belonging 


strictly to a manufacturing corporation, and was therefore 
taxed upon its whole capital stock. 


besides those 


The company claimed 
that its sole business was the manufacture of electrical 
apparatus. Regarding this point Judge McPherson decided 
that the company, notwithstanding the varied powers con- 
ferred by its charter, was nevertheless organized exelu- 
sively for manufacturing which 


purposes, decision 


. Seems to be eminently just. The company has other 
powers than those of manufacturing conferred by its char- 
ter, but it does not use them. The question also 
came up as to the right to be taxed for stock invested in 
patents. A large part of the capital stock of that company 
is invested in this manner, and it claims that this eannot 


The 
sustained the contention of the company’s counsel, and held 
that the right to tax patent rights does not exist in the 
itself 
possibly be supported, because it restricts and interferes 
of the 


United States 


In any event 


lawfully be taxed by the State court 


State, ‘‘as a tax upon the right we think it cannot 


with a right granted by Congress in the exercise 
power committed to the government of the 
by the Federal Constitution. The tax is not only derogatory 
from the dignity, but subversive of the powers of the gov- 


ernment and repugnant to its paramount sovereignty.’ 
The court expressly states, however, that the opinion is re- 
stricted to the intangible rights existing in the patents, and 
manufactured under 


does not extend to tangible articles 


patent rights. The decision in each of the cases was en- 


tirely in favor of the company. 


AT last the much talked of lecture of Mr. 
Lecture, Tesla, held in London in February, has 
reached this side. ns the benefit 
of it, we print it in full in this issue. It fornis a very inter- 
esting addition to his first paper, read in New York a year 
ago, and also printed in full in THE ELECTRICAL WORLD, 
July 11, 1891. To comment on it here would be quite im- 
possible for any one who has not himself worked in this 
new and strange field which Mr. Tesla was unquestionably 
the first to enter and is at present still the sole explorer. 
We can only read withsilent admiration the descriptions of 
his very interesting experiments and of his strange, dream- 
like prophecies of the future which his researches lead him 
to predict and which, coming from any one less distin- 
guished, would doubtless be laughed at as wild specula- 
tions. One cannot help admiring his courage, modesty, 
clear-sightedness and persistency in working as he does in 
this strange field, in which it seems as though the ob- 
stacles were almost insurmountable. The fact that these 
currents defy the resistance of almost all our known meth- 
ods of insulation would in itself seem sufficient to 
discourage most experimenters. Being sure of the 
correctness of one of his chief objects, namely, 
that there must be some way of artificially producing cheap 
and economic light by methods radically different from the 
present, he proceeded first to find it, then to overcome the 
difficulties encountered and to make it practical. In gen- 
eral his lecture is of scientific interest, but much of it can be 
read with interest by any electrician, and will give hima 
good idea of thie nature of this new field of research. This 
present lecture is more in the nature of a continuation of 
his first one, rather than a repetition, as he appears to as- 
sume a knowledge of the former paper, although this as- 
sumption is not essential. A large portion is devoted to a 
detailed description of his experiments and of his apparatus, 
intended more particularly for those who wish to reproduce 
tosome of the more or less definite 
conclusions which he has arrived at; still others, to interest- 
ing predictions which his researches justify him to make. 
He credits Crookes with having given him his first idea, and_ 
throughout his whole lecture, with becoming modesty, he 
appears to forget Tesla, in his interest in the experiments. 
The interesting nature of this field and of his predictions 
will be seen from following extracts: 
possibility of obtaining light effects w 
vessel whatsoever, with air at ordi 
cates oil as one of the best insulators. 
bution at 100,000 volts as 
to even 1,000 miles ; wi 
charge he thinks | 4 
possible at any s 
second as ‘‘few,” anc 


Tes’ a's London 


In order to give Americ: 
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Wiring Table for Secondary Alternating Current 
Cirenits. 


BY H. W. FRUND. 


ee _Inalternating current service it has been found by prac- 
| ae tical experienve that we cannot estimate the losses in wir- 
ie: Ing by figuring from the dead resistance of the wire alone, 
a or owing to the alternations of the vurrent there is spu 


rious inductive resistance set up in the wire which acts in a 
inopner different to that of the constant current, tending 
to increhse the loss to a slight extent, The following 
aN formula is arranged to cover the difference due to ohmic 
resistance and inductive resistance. This formula can be 
used for direct current work exactly the same as with al- 
ternating with the exception that the constant must be 
changed to 10 for direct currents in place of 13 for alternat- 
ing currents. 

The formula with which the accompanying table has been 
prepared is as follows: 

Es = Circular mils area. 

current in ampéres, 
total length of wire contained in both legs of cir- 


= constant of 13, equivalent in inductive resistance 
to one mil-foot of commercial copper. 
V = volts loss. 


SECONDARY WIRING TABLE FOR 100 VOLT, 16.c. P. LAMPS, WITH .6 
OF AN AMPERE PER LAMP; LOSS TWO VOLTS. 


Distance in feet to centre of distribution. 
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Some High Potential Phenomena. 


1 8 BY C. E, SKINNER. > 

F A series of experiments and tests have been in progress at 
the laboratory of the Westinghouse Electric and Manufac- 
turing Company, with a view of determining the char- 
acteristics and insulating properties of certain materials 
when subjected to high potential differences. Some of the 
phenomena and results which have been noted may prove 
of general interest in view of the present activity in this 
line of work. 

Several transformers connected in series are arranged to 
give any required difference of potential up to 35,000 or 
40,000 volts. A Cardew voltmeter is used in the low 
potential circuit, and the final E. M. F. is determined by 
ratio of conversion. 

Considerable experimenting has been done to determine 

‘the striking distance of different electromotive forces in 
air with different electrodes. It is not possible to give a 
curve for striking distances that will be more than approxi- 

_ mately correct unless the greatest precautions are taken in 
,ta readings. The striking distance depends upon a 
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Temperature, humidity 
their effect, but these are not so 


at the time of closing the switch. 

and air currents also have 

marked as the other influences named. ; “a 
With an armature giving very nearly a sine curve 

16,000 alternations : é 

been found. The potential differences g 


Callas . ] > voitmeter: 
are those indicated by a Cardew voitm Distance 


in B2ds of an 


inch, 

{ind of Electrodes sed: 7 

‘wo 3¢-in. polished brass balls ww 
me Satie plates, rounded edges. a 

Two 3¢in, brass rods turned to 90 degree 30 7 

points, points slightly rounded ..... ay i 

all and plate... . 0 7 

Point and plate. 200 63 

Ball and pe ‘3 000 53, 

Two 1-16-in. platinum balls 320.0 66 


Two pin points 


Curves for striking distances in various kinds of liquid 


Fre. 2.—35,000-Vor.r DISCHARGE OVER THE SURFACE OF A 
Gxass Disc, 10 INCHES IN DIAMETER. 


insulators haye been found. Here again great care must 
be taken to have the conditions the same or the results will 
vary. Impurities, however slight, mechanical stirring of 
the liquid and the oxidization of the insulating material are 
some important conditions which affect the results in ad- 
dition to those already enumerated for striking distances 
in air, The temperature is here an important item and 
should not be overlooked. The curve, Fig. 1, was obtained 
for the striking distances in melted parafline at 57 degrees 
C.’with two 90 degrees points used as electrodes. 

The peculiar network of fiery streamers spreading over 
the surface of a solid dielectric when placed between the 
high potential terminals has already been described by 
other observers. The accompanying photographs show this 
effect when a potential difference of 35,000 volts was em- 
ployed with terminals and dielectric arranged to give as 
even a distribution of streamers as possible. The lower 
terminal is a brass disc 4} inches in diameter, Upon this 
is placed a circular dise of glass or mica. The upper ter- 
minal is a toothed wheel 14 inches in diameter above the 
plate. The connection to the upper terminal is by means 
of a fine copper wire. Fig. 2 was obtained when a plate 
of glass 10 inches in diameter and .065 inch thick was used 
as the dielectric. The spaces between the rim and spokes 
of the wheel and immediately over the lower disc, out- 
side of the wheel, are filled with a violet light resembling a 
brush discharge. There are well defined bands inside of 


and 
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bluish light and at the same tim¢ 
ment, which is usnally broken after a fey 
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outside of a glass tube and placing 
theinside. On connecting the high 
the two coils, the tube is filled with bini h 
few seconds a discharge tak: plac 
other through four or five inchs 
the tube. A few plates of glass built up with tia ohite of 
condenser give the same phenomena with facet 
tensity. After a few seconds the glass breaks down nes 
either pierced by the current or cracked by the ape 
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s of 
over 100,000 volts with various frequencies, 


Some prelimi- 
nary work with this apparatus shows that liquid Insulator, 


are more effective with high than with low frequencies 
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Allotment of Space for the World’s Fair in the Elee- 
tricity Building. 


Professor Barrett, chief of the Department of Electricity, 
has allotted the space in the Electric Building to the various 
countries that have signified an intention of making dis- 
plays, and in nearly every case the space allotted has been 
accepted, and arrangements are already being made for the 
installation of the exhibits. 

The spaces given to the different countries are as follows, 
the letters or figures referring to the accompanying cut: 


’ F, France, 16,000 square feet ; 1, Germany, 20,000 ; 2, Eng- 


ARRANGEMENT OF FoREIGN ELECTRICAL EXHIBITS AT THE 
Wor p's Farr. 


land, 20,000 ; 3,7 Austria, 1,100; 4, Switzerland, 1,100; 5, 
Belgium, 1,100; 6, Mexico, 500; 7, Spain, 500; 8 Italy 
500; 9, Russia, 440 ; 10, Holland, 440; 11, Denmark, H0: 
12, Norway, 440; 13, Sweden, 440, 

There was a slight misunderstanding, however. as to the 
position and amount of space which France should occupy: 
When it was found that only 6,000 square feet of space bad) 
been reserved for France, while both Germany and Boe: 
land had been allowed 20,000 square feet, there was RGN 
erable feeling on the part of the French in regard ne i 
matter, and they claimed that the space was entirely I 
‘adequate for their display. It was explained that the Pe 
lish and German exhibits would consist of heavy mee 
While that of France would be, for the most part, (0m 


instruments, and also that France had been Oe geal, 
vas v 


tre of the 


eet, 
the building, each covering 5,000 square © 


ved for France; these are marked F in the 

‘reserved for the German exhibits is © “ 
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1 also be a number of highly 
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Experiments with Alternate Currents of High Poten- 
i tial and High Frequeney.* 


BY NIKOLA TESLA, 


I cannot find words to express how deeply I feel the 
honor of addressing some of the foremost thinkers of the 
present time, and so many able 
scientific men, engineers and 
‘tricians, of the country 
greatest in scientific achieve- 
ments. 

The results which Ihave the 
honor to present before sucha 
gathering I cannot call my 
own, There are among you 
not a few who ean lay better 
claim than myself on any fea- 
ture of merit which this work 
may contain. Ineed not men- 
tion many names which are 
world-known—names of those 
among you whoare recognized 
as the leaders in this enchant- 
ing science; but one, at least, I 
must mention—a name which 
could not be omittedin adem- 
onstration of this kind. It is a name associated with th 
most beautiful invention ever made: it is Crookes ! 


ne ar oT aael | 


NIKOLA TESLA. 


When Iwas at college, a good time ago, I read. ina 
translation (for then I was not familiar with your maenifi 
cent language), the description of his experiments on radiant 


matter. I readit only once in my life—tha 


tume—yet every 


detail about that charming work I can remember this day 
Few are the books, let me say, which can make such an 
impression upon the mind of a student. 

But if, on the present occasion, I mention this nam: as 
one of many your institution can boast of, it is because I 
have more than one reason to do so. For what I have to 


tell you and to show you this evening concerns, in a large 
measure, that same vague world which Professor ( Srookes 
has so ably explored; and, more than this, when I trace 
back the mental process which led me to these advances— 
which even by myself cannot be considered trifling. since 
they are so appreciated by you—I believe that their real 
origin, that which started me to work in this direction, and 
brought me to them, after a long period of constant thought, 
was that fascinating little book which I read many vears 
ago. Se 

And now that I have made a feeble effort to express my 
homage and acknowledge my indebtedness to him. and 
others among you, I will make a second effort, which I 
hope you will not find so feeble as the first, to entertain 
you. 

Give me leave to introduce the subject in a few words. 

A short time ago I had the honor to bring before our 
American Institute of Electrical Engineerst some results 
then arrived at by me in a novel line of work. I need not 
assure you that the many evidences which I have received 
that English scientific men and engineers were interested 
in this work have been for me a great reward and encour- 
agement. I will not dwell upon the experiments already 
described, except with the view of completing, or more 
clearly expressing, some ideas advanced by me before, and 
also with the view of rendering the study here presented 
self-contained, and my remarks on the subject of this even- 
ing’s lecture consistent. 

This investigation, then, it goes without saying, deals with 
alternating currents, and, to be more precise, with alter- 
nating currents of high potential and high frequency. Just 
in how much a very high frequency is essential for the pro- 
duction of the results presented is a question which, even 
with my present experience, would embarrass me to an- 
swer. Some of the experiments may be performed with 
low frequencies; but very high frequencies are desirable, 
not only on account of the many effects secured by their 
use, but also as a convenient means of obfeining. in the in- 
duction apparatus employed, the high potentials, which in 
their turn are necessary to the demonstration of most of 
the experiments here contemplated. ‘ ip bes 
Of the various branches of electrical investigation, per- 
haps the most interesting and immediately the most promis- 
ing is that dealing with alternating currents. The progress 
in this branch of applied science has been so great in recent 

ears that it justifies the most sanguine hopes. Hardly 
ve we become familiar with one fact, when novel ex- 
periences are met with and new avenues of research are 
opened. Even at this hour possibilities not dreamed of be- 
fore are, by the use of these currents, partly realized, As 
in nature all is ebb and tide, all is wave motion, so it seems 
that in all branches of industry alternating currents—elec- 
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partially exhausted. I take hold of it; I bring my body in 
contact with a wire conveying alternating currents of high 
eee and the tube in my hand is brilliantly lighted. 
In whatever position I may put it, wherever I may move 
it in space, as far as I can reach, its soft, pleasing light per- 
sists with undiminished brightness. 

Sane is an exhausted bulb suspended from a single wire. 
Sti 1¢ onan insulated support, I grasp it, and a plati- 
num button mounted in it is brought to vivid incandes- 
cence, 

Here, attached to a leading wire, is another bulb, which, 
as Itouch its metallic socket, is filled with magnificent 
colors of phosphorescent light. 

Here still another, which by my fingers’ touch casts a 
shadow—the Crookes shadow, of the stem inside of it. 

Here, again, insulated as I stand on this platform, I bring 
my body in contact with one of the terminals of the sec- 
ondary of this induction coil—with the end of a wire many 
miles long—and you see streams of light break forth from 
its distant end, which is set in violent vibration. 

Here, once more, I attach these two plates of wire gauze 
to the terminals of the coil, I set them a distance apart, and 
I set the coil to work. You may see a small spark pass be- 
tween the plates. I insert a thick plate of one of the best 
dielectrics between them, and instead of rendering alto- 
gether impossible, as we are used to expect, I aid the pas- 
sage of the discharge, which, as I insert the plate, merely 
changes in appearance and assumes the form of luminous 
streams. 

Is there, I ask, can there be, a more interesting study 
than that of alternating currents? 

In all these investigations, in all these experiments, 
which are so very, very interesting, for many years 
past—ever since the greatest experimenter who lec- 
tured in this hall discovered its principle—we have had 
a steady companion, an appliance familiar to every one, a 
plaything once, a thing of momentous importance now— 
the induction coil. There is no dearer appliance to the 
electrician. From the ablest among you, I dare say, down 
to the inexperienced student, to your lecturer, we all have 
passed many delightful hours in experimenting with the 
induction coil. We have watched its play, and thought 
and pondered over the beautiful phenomena which it dis- 
closed to our ravished eyes. So well known is this appa- 
ratus. so familiar are these phenomena to every one, that 
my courage nearly fails me when I think that I have ven- 
tured to address so able an audience, that I have ventured 
to entertain you with that same old subject. Here in real- 
ity is the same apparatus, and here are the same phenom- 
ena, only the apparatus is operated somewhat differently, 
the phenomena are presented in a different aspect. Some 
of the results we find as expected, others surprise us, but 
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all captivate our attention, for in scientific investigation 
each novel result achieved may be the centre of a new de- 
parture, each novel fact learned may lead to important de- 
velopments. - A . ; 

Usually in operating an induction coil we have set up a 
vibration of moderate frequency in the primary, either by 
means of an interrupter or break, or by the use of an alter- 
nator. Earlier English investigators, to mention only 
Spottiswoode and J. E. H. Gor have 1 vid 
break in connection with i 

ience of 
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pated result, yet the aspect of the discharge of the coil will 
surprise and interest him. Every one is familiar with the 
discharge of an ordinary coil; it need not be reproduced 
here. But, by way of contrast, here is a form of discharge 
of a coil, the primary current of which is vibrating several 
hundred thousand times per second. The discharge of an 
ordinary coil appears as a simple line or band of light. The 
discharge of this coil appears in the 
form of powerful brushes and lumin- 
ous streams issuing from all points 
of the two straight wires stacked to 
the terminals of the secondary. 

Now compare this phenomenon 
which you have just witnessed with 
the discharge of a Holtz or Wims- 
hurst machine—that other interesting 4 
appliance so dear to the experimenter. 

What a difference there is between 

these phenomena! And yet, had I h 

made the necessary arrangements— 

which could have been made easily, ! 

were it not that they would interfere 
with other experiments—I could have 
oroduced with this coil sparks which, 
fad I the coil hidden from your view 
and only two knobs exposed, even 
the keenest observer among you would 
find it difficult, if not impossible, to 
distinguish from those of an influence 
or friction machine. This may be 
done in many ways—for meses a 
operating the induction coil which 
change the condenser from an alter- 
nating-current machine of very low 
frequency, and preferably adjusting 
the discharge circuit so that there 
are no oscillations set up init. We 
then obtain in the secondary circuit, 
if the knobs are of the required size 
and properly set, a more or less rapid 
succession of sparks of great intensity 
and small quantity, which possess the 
same brilliancy, and are accompanied 
by the same sharp crackling sound. G 
as those obtained from a friction or Fic. 2. — Iratrxe 
influence machine. THE SPARK OF A 

Another way is to pass through Hotz MACHINE 
two primary circuits, having a : : 
common secondary, two currents of a slightly different 
period, which produce in the secondary circuit sparks 
occurring , at comparatively Jong intervals. But, even 
with the means at hand this evening, I may succeed 
in imitating the spark of a Holtz machine. For this pur- 
pose I establish between the terminals of the coil which 
charges the condenser a long, unsteady are, which is_peri- 
odically interrupted by the upward current of air produced 
by it. To increase the current of air I place on each side 
of the arc, and close to it, a large plate of mica. The con- 
denser charged from this coil discharges into the primary 
circuit of a second coil through asmall air gap, which is 
necessary to produce a sudden rush of current ugh the 
primary. The scheme of connections in the present experi- 
ment is indicated in Fig. 2. 

Gis an ordinarily constructed alternator, supplying the 
primary P of an induction coil, the secondary S of which 
charges the condensers or jars C C. The terminals of the 
secondary are connected to the inside coatings of the jars, 
the outer coatings being connected to the ends of the pri- 
mary rh p_of a second induction coil. This primary p p has 
a small air gap a b. 

The secondary s of this coil is provided with knobs or 
Spee K K of the proper size and set at a distance suit- 
able for the experiment. ’ 

A long are is established between the terminals 4 B of 
the first induction coil. MM are the mica plates. 

Each time the are is broken between 4 and B the jars 
are quickly charged and Secherees through the primary 
p_p, producing a snapping spark between the knobs K K. 
Upon the are forming between «A and B the potential falls, 
ang as jars Foes be eee to such high potential as to 

reak through the air gap a b until the are i in broki 
by the draught. SP ee eee aad 
this manner sudden impulses, at intervals. are 
produced in the primary se . which Ske sec 4 
give a cor nding number of impulses of great intensity. 
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evening, the tendency to spark is not very great. So, for 
instances? Tholda Taetallie sphere at some Fistance aor 
the terminal you may see the whole space betwee? Cie 
terminal and sphere illuminated by the streams without 
the spark passing: and with the much higher frequencies 
obtainable by the disruptive discharge of & condenser, pe 
it not for the sudden impulses, which are comparatively 
few in number, sparking would not occur even AUS ELY 
small distances. However, with incomparably higher fre- 
quencies, which we may yet find means to produce Gus 
ciently, and provided that electric impulses of such high 
frequencies could be transmitted through a conductor, the 
electrical characteristics of the brush discharge would com- 

letely vanish—no spark would “pass, no shock would be 

elt—yet we would still have to deal with an electric phe- 
nomenon, but in the broad, modern interpretation of the 
word. In my first paper before referred to Thave pointed 
out the curious properties of the brush, and described the 
best manner of producing it, but I have thought it worth 
while to endeavor to express myself more clearly in regard 
to this phenomenon, because of its absorbing interest. 

When a coil is operated with currents of very high fre- 

uency, beautiful Rest effects may be produced, even if 
the coil be of comparatively small dimensions. The ¢x- 
perimenter may vary them in many ways, and, if it_ were 
nothing else, they afford a pleasing sight. What adds to 
their interest is that they may be produced with one single 
terminal as well as with two—in fact. often better with 
one than with two. 

But of all the discharge phenomena observed, the most 
pleasing to the eye, and the most instructive, are those ob- 
served with a coil which is operated by means of the dis- 
ruptive discharge of a condenser. The power of the 
brushes, the abundance of the sparks, when the conditions 
are patiently adjusted, is often amazing. With even a very 
small coil, if it be so well insulated as to stand a difference 
of potential of several thousand volts per turn, the sparks 
may be so abundant that the whole coil may appear a com- 
plete mass of fire. 

Curiously enough the sparks, when the terminals of the 
coil are set at a considerable distance, seem to dart in every 
possible direction as though the terminals were perfectly 
independent of each other. As the sparks would soon de- 
stroy the insulation it is necessary to prevent them. This 
is best done by immersing the coil in a good liquid insula- 
tor, such as boiled-out oil. Immersion in a liquid may be 
considered almost an absolute necessity for the continued 
and successful working of sucha coil. 

It is of course out of the question, in an experimental lec- 
ture, with only a few minutes at disposal for the perfor- 
mance of each experiment, to show these discharge phe- 
nomena to advantage. as to produce each phenomenon at 
its best a very careful adjustment isrequired. But even 
if imperfectly produced, as they are likely to be this even- 
ing, they are sufficiently striking to interest an intelligent 
audience. 

Before showing some of these curious effects I must, for 
the sake of completeness, give a’ short description of the 
coil and other apparatus used in the experiments with the 
disruptive discharge this evening. 

Tt is contained in a box B (Fig. 3) of thick boards of hard 
wood, covered on the outside with zinc sheet Z, which is 
carefully soldered all around. It might be advisable, in a 
strictly scientific investigation, when accuracy is of great 
importance, to do away with the metal cover, as it might 
introduce many errors, principally on account of its com- 
plex action upon the coil, as acondenser of very small ca- 
pecty, and as an electrostatic and electromagnetic screen. 

hen the coil is used for such experiments as are here 
contemplated, the employment of the’ metal cover offers 
some practical advantages. put these are not of sufficient 
importance to be dwelt upon. 
he coil should be placed symmetrically to the metal 
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cover, and the space between should, of course, not be too 
small, certainly not less than, say, five centimetres, but 
much more if possible; especially the two sides of the zinc 
box, which are at right angles to the axis of the coil 
should be sufticiently remote from the latter, as otherwise 
they. might impair its action and be a source of loss. 

e coil consists,of two spools of hard rubber R R, held 
apart at_a distance of 10 centimetres by bolts ¢ and nuts 
n, likewise of hard rubber. Each spool comprises a tube 
T ot approximately 8 centimetres inside diameter, and 3 
millimetres thick, upon which are screwed two flanges FF, 
24 centimetres square, the space between the flanges being 
about 8 centimetres. The secondary, S S, of the best 
gutta percha-covered wire, has 26 layers, 10 turns in each 
giving for each halé a total of 260 turns. The two halves 
are wound oppositely and connected in series, the connec- 
tion between both being made over the prim: ry. This 
disposition, besides being convenient, has the advantage 
that when the coil is well balanced—that, is, when both of 
its terminals 7, T, are connected to bodies or devices of 
equal capacity—there is not much danger of breaking 
through to the primary, and the insulation between the 
primary and the secondary need not be thick. In using the 
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supports, there being about 5 centimetres thickness of 0 
all round. Where the oil is no a 
is filled with pieces of wood, and for tbe ay 
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ential and a very small cur rent are ne , ; 
Por connection with the coil I use either the ordinary 
form of discharger or 4 modified form. In the former 
have introduced two changes which secure some advantage =a 
and which are obvious. If they are mentioned, it is on y 
in the hope that some experimenter may fiad them 0 
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Low 


(Fig. 4), of the discharger are held in jaws of brass, J J, 
by spring pressure, this allowing of turning them succes- 
sively into different positions, and so doing away with the 
tedious process of frequent polishing up. 

The other chang consists inthe employment of a strong 
electroma ane NS, which is pisces with its axis at right 
angles to the line joining the knobs A and_B, and produces 
a strong magnetic field between them. The pole pieces of 
the magnet are movable and properly formed so as to 
protrude between the brass knobs, in order tomake the field 
as intense as posite: but to prevent the discharge from 
jomping to the magnet the pole pieces are protected by a 

layer of mica, M M, of sufficient thickness. s, s , and s, s. 
are screws for fastening the wires. On each side one of 
the screws be oon large and the other for small wires. L L 
are screws for fixing in position the rods vhich sup- 
por ore) ino, g in posi ‘ods RR, which sup 
n another arrangement with the magnet I tak is- 
charee| between the rounded pole pieces ieamelvos nee 
a ise caer en anenlated and preferably provided with 
he employment of an intense magnetic field i 
vantage pangtially when the Gainction coil or eae 
which charges the condenser is operated by currents of 
very low frequency. In such a case the number of the 
fundamental discharges between the knobs may be so sn all 
oe ie render the currents Broduced in the secondary GES 
any experiments, The i atic field 
then serves to blow out the are betw Sa anaes sel 


as it is formed, and the fundamental 4 pensoon 


sat ered, a ! ischarges occur in 
Instead of the magnet, a draught or blast of air may be 
Tn this case the are is 


«oe in Fig. 2 
joined, or entirely eee 
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necessary to present a fresh disharging surfar; 

stout strips of hard rubber R R, with planed gr Au 
(Fig. 7) to fit the middle poreon of the pieces Be oe eagig 
clamp the latter and hol« them firmly in position } Ve to 
of two bolts CC (of which only one is shown Means 


through the ends of the strips. Passing 
In the use of this kind of discharger I have f,, 
principal advantages over the ordinary form.) 
dielectric strength of a given total width of ai; 
greater when a great many small air gaps are 1 


three 
t. the 
pace is 


¢ ° = . : a 
of one, which permits of working with a smalley |), i ad 
air gap, and that means smaller loss and less dete SF of 
; ir 
of the metal: secondly by reason of splitting tj D 


into smaller arcs, the polished surfaces are mad to Tat 
much longer; and, thirdly, the apparatus affords sone 
cauge in the ex veriments. I usually set the | cea 
putting between them sheets of uniform thie} ita ae 
tain very small distance which is known from the of 


ments of Sir William Thomson to require a certain « Tene 
motive force to be bridged by the spark. } 

Tt should, of course, be remembered that the sparking 
distance is much diminished as the frequency is increase; 
By taking any number of spaces the experimenter has 
rough idea of the electromotive force, and he finds it casies 
to repeat an experiment, as he has not the trouble of setting 
the knobs again andagain. With thiskind of discharger 


I have been able to maintain an oscillating motion without 


any spark being visible with the naked eye between the 
knobs, and they would not show a very appreciable rise in 
temperature. This form of discharge also lends itself ty 


many arrangements of condensers nd circuits which are 
often very convenient and time-saving. J have used it 
preferably ina disposition similar to that indicated in Fig, 2 
when the currents forming the arc are small. 

I may here mention that I have also used dischargers 
with single or multiple air gaps, in which the discharge 
surfaces” were rotated with great speed. No particular 
advantage was. however, gained by this method, except 
in cases where the currents from the condenser were large 
and the keeping cool of the surfaces was necessa and in 
cases when, the discharge not being oscillating of itself, the 
are as soon as established was broken by the air current, 
thus starting the vibration at intervals in rapid succession. 
J haye also used mechanical interrupters in many ways. To 
avoid the difficulties with frictional contacts, the preferred 
plan adopted was to establish the arc and rotate through it 
at greatspeed a rim of mica provided with many holes and 
fastened to a steel plate. Tt is understood, of course, that 
the employment of a magnet, air current, or other inter- 
rupter, produces an effect worth noticing. unless the self- 
induction, capacity avd resistance are so related that there 
are oscillations set up upon each interruption. 

T will now endeavor to show you some of the most note- 
worthy of these discharge phenomena. 

IT have stretched across the room two ordinary cotton 
covered wires, each about 7 metres in length. They are 
supported on insulating cords at a distance of about 30 
centimetres. I attach now to each of the terminals of the 
coil one of the wires and set the coil inaction. Upon turn- 
ing the lights off in the room you see the wires strongly 
illuminated by the streams issuing abundantly from their 
whole surface in spite of the cotton covering, which may 
even be very thick. When the experiment is performed 
under good conditions, the light from the wires is suffici- 
ently intense to allow distinguishing the objects in aroom. 
To produce the best result it is, of course, necessary to ad- 
fe carefully the capacity of the jars, the arc between the 

obs and the length of the wires. My experience is that 
calculation of the length of the wires leads, in such case. 
to no result whatever. The experimenter will do best to 
take the wires at the start very long, and then adjust by 
cutting off first long pieces, and then smaller and smaller 
ones as he approaches the right length. 

A convenient way is to use an oil condenser of very 
small capacity, consisting of two small adjustable metal 
plates, in connection with this and similar experiments. 
Jn such case I take wires rather short and set at the be- 
ginning the condenser plates at maximum distance. If 
the streams for the wires increase by approach of the 
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then be simply using burners or flames, in which there 
would be no che vical process, no consumption of material, 
but merely a transfer of energy, and which would, in all 
probability emit more light and less heat than ordinary 
flames. : 5 

The luminous intensity of the streams is, of course, con- 
siderably increased when they are focused upon a small 
surface. This may be shown by the following experiment : 

T attach to one of the terminals of the coil a wire w (Fig. 
8), bent in a circle of about 30 centimetres in diameter, and 
to the other terminal I fasten a small brass sphere s, the 
surface of the wire being preferably equal to the surface of 
the sphere, and the centre of the latter being in a 
line at right angles to the plane of the wire circle and pass- 
ing through its centre. When the discharge is established 
under proper conditions, a luminous hollow cone is formed, 
and in the dark one-half of the brass sphere is strongly 
illuminated, shown in the cut: oh, 

By some artifice or other, it is easy to concentrate the 
streams upon small surfaces and to produce very strong 
light effects. Two thin wires may nt be rendered in- 
tensely luminous, 

In order to intensify the streams the wires should be very 
thin and short ; but as in this case their capacity would be 
renerally too small for the coil—at least, for such a one as 
the present—it is necessary to augment the capacity to the 
required value, while, at the same time, the surface of the 
wires remains very small. This may be done in many 
ways. : 

Here, for instance, I have two plates, R R, of hard rub- 
ber (Fig. 9), upon which I have glued two very thin wires 
ww, so as to form a name. The wires may be bare or 
covered with the best insulation—it is immaterial for the 
success of the experiment. _ Well insulated wires, if any- 
thing, are preferable. On the back of each plate 
indicated by the shaded portion, is a tinfoil coating 
tt. The plates are placed in line at a_ sufficient 
distance to prevent a spark passing from one to the 
other wire. The two tinfoil coatings I have joined by 
a conductor C, and the two wires I presently connect to 
the terminals of the coil. It is now easy, by varying the 
strength and frequency of the currents through the primary, 
to find a point at which the capacity of the system is best 

suited to the conditions, and the wires become so strongly 
luminous that, when the light in the roomis turned off the 
name formed by them appears in brilliant letters. 

It is perhaps preferable to perform this experiment with 
a coil operated from an alternator of high frequency, as 
then, owing to the harmonic rise and fall, the streams are 
very uniform, though they are less abundant than when 
produced with such a coil as the present. This experiment, 
1oweyer, may be performed with low frequencies, but 
much less satisfactorily. 

When two wires, attached to the terminals of the coil, 
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a merely incidental necessity. These experi- 
mInents teach us that, in endeavoring to discover novel 
methods of producing light by the agitation of atoms, or 
molecules, of a gas, we need not limit our research to the 
vacuum tube, but may look forward quite seriously to the 
possibility of obtaining the light effects without the use of 
any vessel whatever, with air at ordinary pressure. 

Such discharges of very high frequency. which render 
luminous the air at ordinary pressures, we have probably 
often occasion to witness in Nature. I have no doubt that 
if, as many believe, the aurora borealis is produced by 
sudden cosmic disturbances, such as eruptions at the sun’s 
surface, which set the electrostatic charge of the earth in an 
extremely rapid vibration, the red glow observed is not con- 
fined to the upper rarefied strata of the air, but the dis- 
charge traverses, by reason of its very high frequency, also 
the dense atmosphere in the form of a glow, such as we or- 
diuarily produce in a slightly exhausted tube. If the fre- 
quency were very low, or even more so, if the charge were 
not at all vibrating, the dense air would break down as in 
a lightning discharge. Indications of such breaking down 
of the lower dense strata of the air have been repeatedly 
observed at the occurrence of this marvelous phenom- 
enon ; but if it does occur, it can only be attributed to the 
fundamental disturbances, which are few in number, for 
the vibration produced by them would be far too rapid to 
allow a disruptive break. Itis the original and irregular 
impulses which affect the instruments ; the superimposed 
vibrations probably pass unnoticed. 

When an ordinary low frequency discharge is passed 
through moderately rarefied air, the air assumes a purplish 
hue. If by some means or other we increase the intensity 
of the molecular, or atomic, vibration, the gas changes to 
a white color. A similar change occurs at ordinary press- 
ures with electric impulses of very high frequency. If the 
molecules of the air around a wire are moderately agitated, 
the brush formed is reddish or violet; if the vibration is 
rendered sufficiently intense, the streams become white. 
We may accomplish this in various ways. In the experi- 
ment before shown with the two wires across the room, I 
have endeavored tosecure the result by pushing to a high 
yalue both the frequency and potential ; in the experiment 
with the thin wires glued on the rubber plate I have con- 
centrated the action upon a very small surface—in other 
words, I have worked with a great electric density. 

A most curious form of discharge is observed with such 
a coil when the frequency and potential are pushed to the 
extreme limit. To perform the experiment, every part of 
the coil should be heavily insulated, and only two small 
spheres—or, better still, two sharp-edged metal dises (d d, 
Fig. 11) of no more than a few centimetres in diameter— 


Fig. 11.—PHANTOM STRUAMS. 


be exposed to the air, The coil here used is immersed 
aT aeT tite ends of the secondary reaching out of the 
oil are covered with an air-tight cover of hard rubber of 
great thickness. All cracks, if there are any, should be 
carefully stopped up, so that the brush discharge cannot 
form anywhere except on the small spheres or plates 
which are exposed to the air, In this case, since there are 
no large plates or other bodies of capacity attached to the 
terminals, the coil is capable of an extremely rapid 
vibration. . The potential may be raised by increasing, 
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One will not find it at 

] ult i boratot by means of it, 
many other ) I to the eye even more 


e] mut p it no particular feature of 


i ters describe t display of sparks pro- 


rze induction coil upon an insulat- 


g the terminals. Quite recently Siemens 


periments in which fine effects were ob- 
seen by many with interest. No doubt 
oils, even if operated with currents of low frequen 
capable of | roducing beautiful effects. But the 
largest coil ever made could not, by far. equal the magnifi 
cent display of streams and sparks obtained from suc ha 
disruptive discharge ¢ oil when properly adjusted. To give 
an idea, acoil such as the present one will cover ea 
plate of 1 metre in diameter completely with the stre: s. 
The best way to perform such experiments is to take a very 
thin rubber or a glass plate and glue on one side of it anar- 
row ring of tinfoil of very large diameter and on the other 
a circular washer, the centre of the latter coinciding with 
that of the ring, and the surfaces of both being preferably 
equal, so as to keep the coil w ell balanced. The w erand 
ring should be connected to the terminals by heavily imsu- 
lated thin wires. It is easy in observing the effect of the 
capacity to produce a sheet of uniform streams, or a fine 
network of thin silvery threads, or a mass of loud brilliant 
sparks, which completely cover the plate. = : 

Since I have advanced the idea of the conversion by 
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tained, which 
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means of the disruptive discharge, in my paper before the 
American Institute of Electrical Engineers at the begin- 
ning of the past year, the interest excited in it has been 
considerable. It affords us a means for producing any po- 
tentials by the aid of inexpensive coils operated from or- 
dinary systems of distribution, and—what is perhaps more 
appreciated—it enables us to convert currents of any fre- 
quency into currents of any other lower or higher fre- 
quency. But its chief value will perhaps be found in the 
help which it will afford us in the investigations of the 
phenomena of phosphorescence, which a disruptive dis- 
charge coil is capable of exciting in innumerable cases 
where ordinary coils, even the largest, would utterly fail. 

Considering its probable uses for many practical pur- 
poses, and its possible introduction into laboratories for 
scientific research, a few additional remarks as to the con- 
strucion of such a coil will perhaps not be found super- 

uous, 

It is, of course, absolutely necessary to employ in such a 
coil wires provided with the best insulation. 

Good coils may be produced by employe wires covered 
with several layers of cotton, boiling the coil a long time in 
pure wax, and cooling under moderate ure. The ad- 
vantage of such a coil is that it can be easily handled, but 
it cannot probably give as satisfactory results as a coil im- 
mersed in pure oil. Besides, it seems that the presence of 
a large body of wax affects the coil disadvantageously, 
whereas this does not seem to be the case with oil, Per- 
haps it is because the dielectric losses in the liquid are 
smaller. 

I have tried at first silk and cotton covered wires with 
oil immersion, but I have been gradually led to use gutta- 

ercha covered wires, which proved most satisfactory. 

Jutta-percha insulation adds, of course, to the capacity, of 
the coil, and this, especially if the coil be is a great 
disadvantage when extreme frequencies are desired ; but, 
on the other hand, gutta-percha will withstand much more 
than an equal thickness of oil, and this advantage should 
be secured at any price. Once the coil has been immersed, 


it should never be taken out of the oil for more than a av 


hours, else the gutta-percha will crack up and 
not be worth half as much as before. Gutta- 
ably slowly attacked by the oil, but after an in 
eight to nme months I have found no ill effects, 
i have obtained in commerce two kinds of | 
wire: in one the insulation sticks tightly to 
the other it does not. Unless a ial 
to expel all air, it is much safer” eo 
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if a gas under ordinary 
be very great. 
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molecular disp] 


which have been for a long ti iled in oi i i iqui 
ee time boiled in oil. The boards in a solid or liquid the Ch 
should be so joined as to safely withstand the external air the force is small : hence the Des e force and err, but powder, and a wire w is cemented in t! nd 
ea - ce be very great; OU vf LN Ss ec neck ing 
ant, unless the ore this product, is pose of connecting the conducting powder ‘ rthe pu 
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athi s d gnificar 
waa box, the latter is closed with a strong fa, and inagas the displace 
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ongly compress 


erator. 
The construction shown in Fig. 13 w 
from the brush any conducting | 


, and there 
nec to move, they, reach 
mpact is lost in heat 
ed, the dis- remove 

ibly affect it. The buib consists in th 


in order 4 
| 0 
ich might 


are drilled, passing throu: i ; 

4 : gh the metal sheet and the wood, — or otherwise. If the gas be But ses a 

Ree ar gon fubeslors inserted and placement due to the force is made gmaller, and the losses Piobe L, which has a neck 7, provided ‘nt 

= air-tight. One of the tu! is connected to are reduced. le Yemen sphere s, seule it g9 that voc eine 

a vacuum pump, and the other with a vessel containing a In most of the succeeding experiments I Dees ene OL f ered, Cae i ite Cu , 

aa elar ‘tive @ jon, to employ a < merge ean ccated int ain 
regular and positive acti uEHe ae When the bulb is in use, the neck n is provi : drawin 

ith atin 


Se ee of boiled-out oil. The latter tube has a on account of the BLUE 
cock : Wh ary ane bottom, and is provided with astop- the alternator before referrec to. This 1s ona’ . hes foil coating which is connected to tl 
RES RROCIE AS Ore ‘airly good vacuum has been obtained, the eral machines constructed by me for the purposes Of oie inductiy aig’upon the moderatel o the generator and 
PeOck He ahora ond the wal siowly fed in, Proceeding investigations. Tt has 358 pole projections, and is op Eee aes iucloaed in plerately rarefied and highly co 
a fre ; ), ner sec- cling Bas Ns e neck. rom thet 
ts of a frequency of about ; passes through the tube b into the small spher he current 
to act by 


in this manner, it is im) i i 
: Boney possible that any big bubbles, which of giving curren i 
are the principal danger, should remain between the turns. mt This machine has been illustrated and riety ot induction upon the gas contained in t | 
5 s ‘an Ins e Ns SEE sth b 
efore the Americ It is of advantage to make the tube f very t) ! | 
the hole 


The ai 

SSpphilings oo com) istelyies cludes probably better than scribed in my first paper b pian Se te 

ree ATeRaed (ial h, however, when gutta-percha coated Blectrical Engineers. May 20, 1891, to which I have alreac) 7 a NER 
sed, is not practicable. era detailed description, § through it ver 

For the primaries I us' dinary li A 4 5 referred, A more detailed ¢ ption, 
eotton coatin: Ss e ordinary line wire with a thick any engineer to build a similar macbine, 

ating. Strands of very thin insulated wires — several *slectrical journals of that period. 

The induction coils operated from them 

small, containing from 5,000 to 15,000 turns in 
ary. They are immersed in boiled-out linseec 
tained in wooden boxes covered with zine sheet. Fi 

I have found it advantageous to reverse the usual posi- 
tion of the wires, and to wind, in these coils, the primaries 
on the top; this allowing the use of a much bigger primary» 
which, of course, reduces the danger of overheating and 
increases the output of the coil. I make the primary oP 
each side at least one centimetre shorter than the secon dary, 
to prevent the breaking through on the ends, which would 
surely occur unless the insulation on the top of the second- 
ary be very thick, and this, of course, would be disadvan- 
tageous. 

_When the primary is made movable, which is necessary 
in some experiments, and many times conyenient for the 
purposes of adjustment, I cover the secondary with wax, 
and turn it off in alathe toa diameter slightly smaller 
than the inside of the primary coil. The latter I provide 
with a handle reaching out of the oil, which serves to shift 
it in any pssition along the secondary. 

T will now venture to make, in regard to the general 
manipulation of induction coils, a few observations bear- 
ing upon points which have not been fully appreciated in 
earlier experiments with such coils, and are even DOW often 
overlooked. 

The secondary of the coil possesses usually such a high 
self-induction that the current through the wire is inap- 
preciable, and may be so even when the terminals are 
joined by a conductor of small resistance, If capacity is 
vlded to the terminals, the self-induction is counteracted, 
and a stronger current 1s made to flow through the second- 


ufficient to enable roug y small, and to blow the spher ! 
will be found in It is of the greatest importance that th lave ry thin 

in the centre of the globe L. be placed 
achine are rather Figs. 14, 15 and 16 indicate different forn ne 
in the second- Kes, of 
d oil, con- 


} 
x 
i 
bi 
4 
4 
a 


Fis. 12 Fic. 

| pb Ves 1G. 13. i i i 

| & ary, though its terminals are insulated from each other. 5 

Bues ror PropucinG ROTATING Brust. To one entirely unacquainted with the properties of alter- > 1D LE Fia. 16. 
nating currents nothing will look more puzzling. This ForMs AND PHASES OF THE RoTATING Brusu. 


properly interlaced would, of course, be the best to feature was illustrated in the experiment performed a 
employ for the primaries, but they are not to be had. beginning with the gop plates of ee aes afoemed a we 
In an experimental coil the size of the wires is not of terminals and the rubber plate. When the plates of wire 
great importance. In the coil here used the primary is No. gauze were close together, and a small are passed between 
{2 and the secondary No. 24 Brown & Sharpe gauge wire ; them, the are prevented a strong current from passing 
but the sections may be <aried considerably. It would only through thesecondary, because it did away with the capacity 
imply different ad ustments ; the results aimed at would 0 the terminals; when the rubber plate was inserted be- 
not be materially affected. tween, the capacity of the condenser formed counteracted 
T have dwelt at some length upon the various forms of the self-induction of the secondary, a stronger current 
brush discharge because, in studying them, we not only ob- passed now, the coil performed more work, and the di 
serve phenomena which please our eye, but also afford us charge was by far more powerful. ; = 
food for thought, and lead us to conclusions of practical The first thing, then, in operating the induction coil is t 
importance, Tn the use of alternating currents of very high combine capacity with the secondary to overcome ‘ul S 
tension, too much precaution cannot be taken to prevent self-induction. If the frequencies and potentials are = 
the brush discharge. In a main conveying such currents, high gaseous matter should be carefully kept Oo Se 
the charged surfaces. If Leyden jars are are inepeboula 


Shortly afterward one may noti i 
\fter ay ce that the 
evenly distributed in the globe, and Bet naa 


ng the cur- 


i tion coil or Gat ee es in a condenser, the Walk d in oil 
asource of great anger totheinsulation, ~ immersed in oil, as otherwise considerable dissipati rent for some ti é i 
Tn a condenser especially the gaseous matter must be most ™*y occur if the jars are greatly strained. When high this stage the Seen oe nberadually 2 ; to bene 
dicated in Fig. 16, after some minut , hou ays or 


care expel 7 ee in at fae ehareed gurtace are near 
each other, an e poten is are high, just as sure as a R as 3 % > 
weight will fall if let go, so the insulation will give way if a ; ont PAcCOneane Se a er iacians t a ae the 
a ne transit. 
When the brush assumes the form indicated in F ig. 16, 


i: gaseo bubble of some size be present, whereas, 
it may be brought to a state of extrer i 


i paar were — carefully excluded, the 7 
condenser would safely withstand | & much higher electrostatic and magnetic influence. he bulb Tang 


difference of potential. . 

currents of very high poaiene down from a wire, and all objects being remote 

plowhole or small era: the eras approach of the observer at a few paces from 
will cause the brush to fly to th opposite side, 


plowhole is apt to co : 
and if he walks around the bulb it will always keep on the 
‘d the terminal 
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cies, so easy that they could be Wo Ca eta | | : 
feats. With oil insulation and alternate current motors bser ae 
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eal have 


& permanent magnetic field seems to show that in alterng 
ad in Figs 


ing currents of yery high frequency the positive and nega- 
tive impulses are not equal, but that one always preponder- 


it- 


lamp globe ates over the other. 

ibe 6, the Of course, this rotation in one direction may be due to 

re & This the action of two elements of the same current upon each 

the centre other, or to the action of the field produced by one of the 
> Of aly. elements upon the other, as in a series motor, without nec- 


ube, but it essarily one impulse being stronger than the other, 


The 
fact that the brush turns, as far as I could obser : 


>, in any 


onducting position, would speak for this view. In such case it would 
rthe pur. turn at any point of the earth’s surface. But, on the other 
the gen hand, it is then hard to explain why a permanent magnet 


y should reverse the rotation, and oné must assume 
ponderance of impulses of one kind. 
As to the causes of the formation of the brush or stream 


the pre- 
m order to EsPEs 


ich might 


of a lam I think it is due to the electrostatic action of the globe 
ube b and the dissymmetry of the parts. If the small See 
independ- globe £ were perfect concentric spheres, and the glass 
‘drawing, throughout of the same thickness and quality, T think the 
vith a tin- brush would not form, as the tendency to ‘pass would be 
zon acts equal on all sides. _ That the formation of the stream is due 
Shly con- to an irregularity is apparent from the fact that it has the 
e current tendency to remain in one position, and rotation eran: 
to act by most generally only when it is brought out of this positi im 
a by electrostatic or magnetic influence. When in an ae 
- the hole tremely sensitive state it rests in one position, most curious 


ery thin. 


Ke fala experiments may be performed with it, For instance, the 


experimenter may, by selecting a proper position. ar... 
the hand at a certain Goneiderable diceanne eine Bites 
he may cause the brush to pass off by merely stiffening tl 2 
muscles of the arm. When it begins to rotate SS can 
the hands are held at a proper distance, it is impos. Sere t 
make even the slightest motion without Broducie visible 
effect upon the brush, A metal plate connected to the sis 
terminal of the coil affects it ata great distance sloaine 
down the rotation often to one turn a second. rey = 
Tam firmly convinced that such a brush, when we learn 
7 how to produce it properly, will prove a valuable aid in the 
, investigation of the nature of the forces acting in an elec- 
trostatic or magnetic field. If there is any motion which 
$ eee going on in poe space: such a brush ought to 
is, so to speak, i ricti 
Recor ace pei a beam of light, frictionless, 
I think that it may find practical a: lications i ra- 
phy. With such Eibrosh it would 5 Soeible. ane 
dispatches across the Atlantic, for instance, with any speed, 
since its sensitiveness may be so great that the slightest 
changes will affect it. If it were possible to make the 
stream more intense and yery narrow, its deflections could 
be easily photographed. 

T have been interested to find whether there is a rotation 
of the stream itself, or whether there is simply a stress 
traveling around in the bulb. For this purpose I mounted 
a light mica fan so that its vanes were in the path of the 
brush. If the stream itself was rotating the fan would be 
spun around. I could produce no distinct rotation of the 
fan, although I tried the experiment repeatedly; but as the 
fan exerted a noticeable influence on the stream, and the 
epee’ rotation of the latter was, in this case, never quite 
‘sal *, the experiment did not appear to be conclusive. 

J unable to produce the phenomenon with the 
iptive discharge coil, although every other of these 
2nomena can be well produced by it—many, in fact, 
ich better than with coils operated from an alternator. 
ry be possible to produce the brush by impulses of 
direction, or even by a steady potential, in which case 

| be still more sensitive to magnetic influence. _ 
an induction coil with rapidly alternating 
lize with astonishment, for the first time, 
rtance of the relation of capacity. self-in- 
“ql y asregards the general result. The 
-are the most striking, for in these exper- 
the self-induction and frequency both are 
pacity is very small, and need be but 
duce a yery considerable change. The 
ig his body in contact with the ter- 
-y of the coil, er attach to one or both 
of very small bullx, such as bulbs, 
siderable rise or fall of potential, 
the pri- 
a brush 


stages, of 
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This curious obs 


‘h ervation was made conjointly by Professor 
( rookes and myself. T attribute the Fain “4 Ur i ede 
ductivity of the air, the moler ules of which then do not 
act as independent carriers of « lectric chara: but act all 
together asa single conducting body In such cast ‘ol 
course, if there is any repulsion at all of the molecules 
from the vanes. it must be vers mall. Itis possible, how 
ever, that the result is in part due to the fact that the 
greater part of the discharge passes from the leading-in 
Wire through che highly conducting gas, instead of pa 
Ing off trom the conducting ines, ; 

In trying the preceding ¢ xperiment with the electri 
radiometer the potential should not exceed a certain limit, 
as then the electrostatic attraction between the vanes and 
the glass of the bulb may be so great as tostop the rota- 
tation, 

A most curious feature of alternate curre nts of high fre- 
quencies and potentials is that they enable us to perform 
many experiments by the use of one wire only. In many 
respects this feature is of great interest 

Ina type cf alternate current motor invented by mesom 
years ago I produced rotation by inducing. by means of a 
single alternating current passed through a motor circuit, 


in the Mass or other circuits of the motor, secondary cur- 
rents, which, jointly with the primary or inducing current, 


created @ moving field of force \ simple but crude form 
of such a motor is obtained by Winding upon an iron core a 
primary, and close to it a secondary coil, joining the ends 
of the latter and placing a freely movable metal disc 
within the influence of the field produced by both. Thi 
iron core is employed for obvious reasons, but it is not es- 
sential to the operation. To improve the motor, the iron 


Core is made to encircle the armature. Again to improve, 
the secondary il is made to overlap partly the primary, so 
that it cannot free itself from a strong inductive action of 
the latter, repel its lines as it may. Once more to im- 
prove, the proper difference of phase is obtained between 
the primary and secondary currents by a condenser, self- 
induction, resistance pr equivalent windings. 

I had discovered, Ror ever. that rotation is produced by 
means of a single coil and core: my explanation of the 
phenomenon, and leading thought in trying the experi- 
ment, being that there must be a true time lag in the mag- 
netization of the core. I remember the pleasure [had when, 
in the writings of Professor Ayrton, which came later to 
my hand, I found the idea of the time lag advocated. 
W hether there is a true time lag, or whether the retarda- 
tion is due to eddy currents circulating in minute paths, 
Must remain an open question, but the fact is that a coil 
wound upon an iron core and traversed by an alternating 
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Fig. 17.—SInNGLE W1RE AND “ No-Wire” Moror. 


current creates a moving field of force, capable of setting 
an armature in rotation. It is of some interest, in conjunc- 
tion with the historical Arago expériment, to mention that 


315 
course, the more, the higher the frequency—and allows the 
passage of but a minute current. In such a case, unless the 
secondary is Closed through a condenser, it is almost essen- 
tial, in order to produce rotation, to make the primary and 
secondary coils overlap each other more or less 

But there is an additional feature of interest about this 
motor, namely, it is, not necessary to have even a single 
connection between the motor and generator, except, per- 
haps. through the ground; for not only is an insulated plate 
capable of giving off energy into space, but it is likewise 
capable of deriving it from an alternating electrostatic 
field, though in the latter case the available energy is much 
smaller, In thisinstance one of the motor terminals is con- 
nected to the insulated plate or body located within the al- 
ternating electrostatic field, and the other terminal prefer- 
ably to the ground 

It is quite possible, however, that such ‘‘no-wire” motors, 
as they might be called, could be operated by conduction 
through the rarefied airat considerable distances. Alter- 
nate currents, especially of high frequencies, pass with as- 
tonishing freedom through even slightly rarefied gases. 
The upper strata of the air are rare |. Vo reach a number 
of miles out into space requires the overcoming of difficul- 


ties of a merely mechanical nature. There is no doubt that 
with the enormous potentials obtainable by the use of high 
frequencies and oi] msulation luminous discharges might 
be passed through many miles of rarefied air, and that, by 
thus directing the energy of many hundreds or thousands 
of horse-pow motors or lamps might be operated at con- 


siderable distances from stationary sources. But such 
schemes are mentioned merely as possibilities. We shall 
have noneed to transmit power in this way. We shall 


have no need to transmit power at all. Ere many genera- 
tions pass. our machinery will be driven by a_ power ob- 
tainable at any point of :the universe. This idea is 
not novel. Men haye been led to it long ago by instinet 
or reason. It has been expressed in many ways, and in 
many places, in the history of old and new. We find it in 
the ‘delightful myth of Antheus, who derives power 
from the earth; we find it among the subtile speculations 
of one of your splendid mathematicians, and in many 
hints and statements of thinkers of the present time. 
Throughout space there is energy. Is this energy static 
or kinetic? If static our hopes are in va : 


in; if kinetic 
-and this we know it is, for certain—then itis a mere ques- 
tion of time when men will succeed in attaching their 
machinery to the very wheelwork of nature. Of all, liv- 
ing or dead, Crookes came nearest to doing it. His radi- 
ometer will turn in the light of day andin the darkness 
of the night; it will tum everywhere where there is heat, 
and heat is everywhere. But, unfortunately, this beauti- 
ful little machine, while it goes down to posterity as the 
most interesting, must likewise be put on record as the 
most inefficient machine ever inyented ! 

The preceding experiment is only one of many equally 

interesting experiments which may be performed by the 
use of only one wire with alternate currents of high poten- 
tial and frequency. We may connect an insulated line to 
a source of such currents, we may pass an inappreciable 
current over the line, and on any point of the same we are 
able to obtain a heavy current, capable of fusing a thick 
Copper wire. Or we may, by the help of some artifice, de- 
compose a solution in any electrolytic cell by connecting 
only one pole of the cell to the line or source of energy. Or 
we may, by attaching to the line, or only bringing into its 
vicinity, light up an incandescent lamp, an exhausted tube, 
or a phosphorescent bulb. 
_ However impracticable this plan of working may appear 
im many cases, it certainly seems practicable, and even 
recommendable, in the production of light. A. perfected 
lamp would require but little energy, and if wires were 
nsed at all we ought to be able to supply that energy with- 
out a return wire. 

It is now a fact that a body may be rendered incandes- 
cent or phosphorescent by bringing it either in single con- 
tact or merely in the vicinity of a source of electric im- 
pulses of the proper character, and that 1m this manner a 
quantity of light sufficient to afford a practical illuminant 
may be produced. It is, therefore, vo say the least, worth 
while to attempt to determine the best conditions and to 
invent the best appliances for attaining this object. 

_ Some experiences have already been gained in this direc- 
tion, and I will dwell on them briefly, in the hope that they 
might prove useful. 


in lag or phase motors I have produced rotation in the oppo- 
site gircction ¢ to the moving, geld, pice means that in that eon 
experiment the magnet may not rotate, or may even rotate | Connecte asource of rapidly alternating electric ii 
in the opposite direction tothe moving disc. Here, then, is pulses, is de pidly atingyelecteic ga 
ere a iagrammatically illustrated in Fig. 17), compris- that it wo 
le d iron core, and a freely movable copper Tule under 
0 ty to the latter. : 
a novel and 
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ness—in other words, bodies of equal bulk—were brought to 
incandescence. The three bulbs were sealed to a glass 
tube, which was connected to a Sprengel pump. When a 
high vacuum had been reached, the glass tube carrying the 
bulbs was sealed off. A current was then turned ‘on suc- 
cessively on each bulb, and it was found that the filaments 
came to about the same brightness, and, if anything, the 
smallest bulb, which was placed midway between the two 
larger ones, may have been slightly brighter, This result 
was expected, for when either of the bulbs was connected 
to the coil the luminosity spread through the other two, 
hence the three bulbs constituted really one vessel. When 
all the three bulbs were connected in multiple are to the 
coil, in the largest of them the filament glowed brightest, 
in the next smaller it was a little less bright, and in the 
smallest it only came to redness. The bulbs were then 
sealed off and separately tried. The brightness of the fil- 
aments was now such as would have been expected on the 
supposition that the energy given off was proportionate to 
the surface of the bulb, this surface in each case represent- 
ing one of the coatings of acondenser. Accordingly, there 
was less difference between the largest and the middle sized 
than between the latter and the smallest bulb. 

An interesting observation was made in this experiment. 
The three bulbs were suspended from a straight bare wire 
connected to a terminal of the coil, the largest bulb being 
placed at the end of the wire, at some distance from it the 
smallest bulb, und an equal distance from the latter the 
middle-sized one. The carbons glowed then in both the 
larger bulbs about as expected, but the smallest did not get 
its share by far. This observation led me to exchange the 
position of the bulbs. and I then observed that whichever 
of the bulbs was in the middle it was by far less bright than 
it was in any other position. This mystifying result was, of 
course, found to be due to the electrostatic action between 
the bulbs. When they were placed at a considerable dis- 
tance, or when they were attached to the corners of an 
equilateral triangle of copper wire. they glowed about in 
the order determined by their surfaces. 

-As to the shape of the vessel, it is also of some impor- 
tance, especially at high degrees of exhaustion. Of all the 
possible Constructions, it seems that a spherical globe with 
the refractory body mounted in its centre is the best to em- 
ploy. In experience it has been demonstrated that in such 
a globe a refractory body of a given bulk is more easily 
brought to incandescence than when otherwise shaped 
bulbs are used. There is also an advantage in giving to the 
incandescent body the shape of a sphere, for self-evident 
reasons. In any case the body should be mounted in the 
centre, where the atoms rebounding from the glass collide. 
This object is best attained in the spherical bulb ; but it is 
also attained in a cylindrical vessel with one or two straight 
filaments coinciding with its axis, and possibly also in par- 
abolical or spherical bulbs with the refractory body or 
bodies placed in the focus or foci of the same; though the 
latter is not probable, as the electrified atoms should in all 
cases rebound normally from the surface they strike, unless 
the speed were excessive, in which case they would prob- 
ably follow the general law of reflection. No matter what 
shape the vessel may have, if the exhaustion be low, a fila- 
ment mounted in the globe is brought to the same degree 
of incandescence in all parts; but if the exhaustion be high 
and the bulb be spherical or pear-shaped, as usual, focal 
points form and the filament is heated to a higher degree 
at or near such points. ‘ 5 

To illustrate the effect, I have here two small bulbs which 
are alike, only one is exhausted to a low and the other toa 
yery high degree. When connected to the coil, the fila- 
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i former glows uniformly throughout all its 
Taaptcuehereas\ ne te latter, that portion of the planed 
which is in the centre of the bulb glows far more intensely 
than the rest. A curious point is that the phenomenon 


f two filaments are mounted in a bulb, each 


pane biadected to one terminal of the coil, aud, what is 


i i if they be very near together, provided 
oo ae abakvery high. T noted in experiments with 
such bulbs that the filaments would give wa usuall ata 
certain point, and in the first trials I attributed it toa defect 
in the carbon. But when the phenomenon occurred many 
times in succession I recognized its real cause. 

Yn order to bring a refractory body inclosed in a bulb to 
incandescence, it is desirable, on account of economy, that 
all the energy supplied to the bulb from the source 
should reach without loss the body to be heated; from 
there, and from nowhere else, it should be radiated. It is, 
of course, out of the question to reach this theoretical re- 
sult, but it is possible by a proper construction of the illu- 
minating device to approximate it more or less. 

For many reasons, the refracto body is placed in the 
centre of the bulb, and it is usually su) ported on a glass 
stem containing the leading-in wire. the potential of 
this wire is alternated, the rarefied gas surrounding the 
stem is acted upon inductively, and the glass stem is vio- 
Jently bombarded and heated. In this manner By far the 
greater portion of the energy supplied to the bulb—es- 

ially when exceedingly bigh une are used—may 
Bo lost for the purpose contemplated. _To obviate this loss, 
or at least to reduce it to a minimum, I usually screen the 
rarefied gas surrounding the stem from the inductive 
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wire by, providing tue ster ood: the higher the frequency, the less the spark disc} 

i f conducting material, : ii able to jump between the terminals, especially if th. 

with a tube or OS Ces Host, among metals & Oe te srcbes of some ee 

seems beyond doubt a ‘is aluminium, on account of Finally, at very low degrees of exhaustion, when tt 

employ for this purpo® reams only fault is tha . MT conducting, the m« tal tube not only does not 

its many remarkable a arate its distance from the is vw lectrostatic screen, but even is a drawback, aiding to. 

it is e sily ald hat ké properly estimated. Wir an ¢‘tlerable extent the dissipation of the ener fates 

incandeseing body shu ye ler than that ¢ cons i Ser Oe ee OLig, of course 
i cu wd ee » leading-in 

a thin tube, of a diameter ive finest aluminium sheet, and LT ane, OR, the me Pate isin os 

the aie sat, is LT tube is conveniently prepared Py SE aa tiGH uith the leading-in w in : and m ip 

slipped on the stem. A lathe a piece of alu- ce ey tone aa tie tube - h 

. , ina Jathe af pf sore aiectéd UT 
wrapping afgting) * rod faster creeping the sheet firmly La a mection Hee ods thie Sacdine S 
minium sheetof the proper size. Bi 


lary 


action of the leading-in 


i spinning for although it may not 
. . i ig paper, and spip see tave, for althoug 
with clean Chamois a CO OE ead Ge tT) amround the of some advantag 

very fast. he sheet 15 p y 

the rod very ete of ond or th 


still it protects the support « 


ithe DoE eat for concentrating n 


button, and is a means 
the safnatever extent the aluminium tube per! 
tion of a screen its usefulne ss is therefore iin ae 
( ~xhaustion when if is Insulated fr 
CLR ae he gi whole is n 
—_that is, when the & 
GoM ihe molecules, or atoms, act as independ 
a > 
electric charges. 
In addition to 
the true meaning OF 
ing may also act, by t 


i ee layers 0} 
rod, and a highly polished Ly ) 


1 
acting as a more or less effecti 
of the word, the conductir , 

ason of its conduct ee 


i : sr of the bombardme t th. 
of equalizer or dampers! Gume the action 1 the 
eaate rhythmical bombardment to occur A 1 
Racting tube by reason of its impet fee t ict 
i rtainly must happen that som a 4 
‘e ‘ke the tube sooner than others. Tho i 
pate tact with it give up their supert 5 
fs the tube is electrified, the ele ctr 
as ly spreading over its surface. Bu ae 
Sank yal aie energy Jost in the bombard: = 
oearig, fics the charge given up by the a y 
Reet t area and hence the electric density a 
ie rarball and the atoms are repelled wit! nore 
Porn they would be if they would pike earns 1 200d in- 
sulator; secondly, as ey ee the probre 5 : 

5 “ EXPERIMENTS WITH CONDUCTING which first Corre ioot.the tube is more or less che 
ie “rene : iets aiaton whiclr the electrified tube must exert upor 
. the simnilarly electrified atoms. This repulsion may per- 


arge ‘ti of the atoms 
= auffici revent a large portion of itom 
sheet is obtained. When slipped on the stem, the pressure haps be sufficient to Pp yrate it must diminish the 


endl ape irs , but at any 

is generally suflicient,to prevent it from slipping off, but. from striking the the, It is clear that when the exhaus- 
for safety, the lower edge of the sheet may be turned in- energy of their : pe d the rarefied gas well conducting 
side. The upper inside corner of the sheet—that is, the tion is very 10% Perafrects cam occur, and, on the other 
one which is nearest to the refractory incandescent body neither of the a bove ee “vith the greater freedom the; 
—should be cut out diagonally, as it often happens hand, the fewer the a oh » higher the degree of exhaustion 
that, in consequence ‘of the intense heat, this move; in other words, Ye will be both the effects. 
corner turns toward the inside and comes very near uptoa limit, the mona a Ea ecdfanexplanation’ of th 
to, or in contact with, the wire, or filament, supporung the What I have just a Rea rs Crookes, namely, that a 
refractory body. The greater part of the energy supplied to phenomenon ENG bis established with much greater 
the bulb is then used up in heating the metal tube, and the discharge through a bul se Seweswarcondictor © pres 
bulb is rendered useless for the purpose. The aluminium facility when an insulator thea ihe po dtor Bats aes 
sheet should project above the glass stem more or less—one entin thesame. In my oP th Serene thaltwo! Ways 
inch or so—or else, if the glass be too close to the incandes- qdampener of the motion © the ee Pamahacee to: hee 
cing body, it may be strongly heated and become more or pointed out; hence, to cause i Seiad rs ded Ly, r 
less conducting, whereupon it may be ruptured, or may, by through the bulb, a much higher PY Ls nae ee 
its conductivity, establish a good electrical connection be- conductor, especially of much surface, : T Sees eto 
tween the metal tube and the leading-in wire, in which case, For the sake of clearness of some of A a aS mae ay < 
again, most of the energy will be lostin heating theformer. made, I must now refer to Figs. 18, 19 anc - ae hic illus- 
Perhaps the best way is to make the top of the glass tube. trate various arrangements with a type of bulb most gen 
for about an inch, of amuch smaller diameter. To suill erally used. 
further reduce the danger arising from the heating of the 
glass stem, and also with the view of preventing an electri- 
cal connection between the metal tube and the electrode, I 
preferably wrap the stem with several layers of thin mica, 
which extends at least as far as the metal tube. In some 
bulbs I have also used an outside insulating cover. = 

The preceding remarks are only made to aid the experi- 
menter in the first trials, for the difficulties which he en- 
counters he may soon find means to overcome in his own 
way. 

To illustrate the effect of the screen, and the advantage 
of using it, I haye here two bulbs of the same size, with 
their stems, leading-in wires and incandescent lamp fila- 
ments tied to the latter, as uearly alike as possible. The 
stem of one bulb is provided with an aluminium tube, the 
stem of the other has none. Originally the two bulbs were 
joined by a tube which was connected to aSprengel pump. | 
When a high vacuum had been reached, first the connect- 
ing tube, and then the bulbs, were sealed off; they are 
therefore of the same degree of exhaustion. When they 
are separately connected to the coil giving a certain poten- 
tial, the carbon filament in the bulb provided with the 
aluminium screen is rendered highly incandescent, while 
the filament in the other bulb may, with the same po- 
tential, not even come to redness, although in reality 
the latter bulb takes generally more energy than th 
former. When they are both connected togethe 
to the terminal, the difference is even mo 
apparent, showing the importance of the screening. The — eh: b yh 
metal tube placed on the stem containing the leading-in\ yp, \ : 


wire performs really two distinct functions: First; it ac i PRO Eb HuLB Fig. 22.—Tyre or BULB 


more or less as an electrostatic screen, thus econo CONDUCTING 3 ak 
i 4 me WitHout LEADING! 

the energy supplied to the bulb; and, second, to ay 

extent it may t r sORD Wire. 


t M ate’ : ie 
ail to act electrostatically, it acts shanic- ; th i 

ally, preventing the bombardment, and con nea secti 1 through a spherical bulb L, with 
tense heating and possible deterioration of the slend 'S, contain Beer oe camin gn wire 1. Wan 
port of the refractory incandescent body, er of th S edi to if, Serving to support Min 
stem containing the leading-in wire. I say slender sup. centre. M isa sheet of thin 
port, for it is evident that in order to confine the heatmore th. ers around the stem s, anda 
completely to the incandescing body its support shou ‘8 
very thin, so as to carry away the smallest possib] 

of heat by conduction, Of all the supports used T 
found an ordinary incandescent lamp filament t 
hest, principally because among ein F 
stand the highest degrees of heat. 


bulb in a somewhat more ad- 
\ metallic tube S is fastened 
neck of the tubes In Wa 
tors V Hi a plug P. of insulating material, 10 
a ed a metallic ferminals #, for the 
vir ‘This terminal must 


be S, therefore, if the 
st generally it is suf- 


the effect of the 
‘referred to chiefly © 
: ining the 
rine latter 
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wires 
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ds into which is sealed the leading-j i 
Jass stem s, in c sealed the leading-j sire ww. 
re ea T protect the top of the glass stem against thoean tee 
re small aluminium tube a and a layer of niica underneath 
the same, as usual. The wire w, passing through the lar at 
AS tube to the outside of the bulb, should be well insulate: = 
iS : with a glass tube, for instance—and the space Beteeon 
a ought to be filled out with some excellent insulator Amor 3 
y many insulating powders I have tried, Thave toad ies 
L mica powder is the best to employ. If this ‘precautio oe 
il not taken, the tube 7, protruding into the bulb will eels 
|= be cracked in consequence of the heating by the br i, vd 
~ A which are apt to form in the upper part of the taueess ate 
S < the exhausted globe, especially if the vacuum be excellor t 
; i and therfore the potential necessary to operate the inne 
i v eh. ; 
1 NW Re. 22 illustrates a similar arran ement, with a lar 
tube 7 protruding into the part of the bulb containin he 
: refractory button m. In this case the wire leading Seon 


the outside into the bulb is omitted, energy requir 
being supplied through condenser aes fy aries 
sulating packing P should in this construction ibe tie) aie 
fitting to the glass, and rather wide, or otherwise the is 
charge might avoid passing through the wire shih 
peomnects | he inside condenser coating to the incandescent 
The molecular bombardment ‘aga 
the bulb is a source of great trouble. 
cite a phenomenon only too fr 
observed. A bulb, 


inst the glass stem in 
As illustration T will 
ntly and unwillingly 
@ one, may be taken, 
piece of carbon, may 


nce begins to appear. 
he coil, the piece of 
ly incandescent at first, 
a u Iminishes, and then the 
} kK ass Somewhere j > 
guthe form of bright sparks, Balen 
a un Wire is in good electrical con- 
ie ieee eon the piece of carbon or 
. l arks are singularly brigh 
ce recalling Choe drawn from a clear eurtace Gh mene: 
acy ut, as they heat the glass rapidly, they, of course. lose their 
ary brightness, and cease when the lass at the ruptured place 
eco Se ecoent or generally sufficiently hot to con- 
uct. en observed for the first time the phenomenon 
must Spear very Curious, and shows in a striking manner 
how radically different alternate currents, or impulses, of 
high areguency behave, as compared with steady currents 
or currents of low frequency. With such currents—namely 
the latter—the phenomenon would of course not occur. 
When frequencies such as are obtained by mechanical 
means are used, I think that the rupture of the glass is 
more or less the consequence of the bombardment. which 
warms it up and impairs its insulating power; but with 
frequencies obtainable with condensers I have no doubt 
_ that the glass may give way without pre 
though this appears most singular at 
what wemight expect to occur. Th 
e wire leading into the bulb is giv: 
tion through the carbon button, 
tion through the glass surround: 


metul at the top. Th 


lenser is perfectly 
frequency becomes excessive, the réle 
the conductor may become quite insignificant. In the 
vase the difference of potentialat the terminals of 
denser may become so great as to rupture the di- 
lectric, notwithstanding the factthat the terminals are 

a conductor of low mesietance. A _ 
course, not necessary, when it is desired to pro- 
e ncandescence of a body inclosed in a bulb by 
lese currents, that the body should be a con- 
for even a perfect non-conductor may be quite as 
. For this purpose it is sufficient to sur- 
lucting electrode with a non-conducting ma- 
“fori stance, in the bulb described before in Fig. 
\in incandescent lamp filament is coated 
ctor, and supports a button of the same 
‘At the start the bombardment goes 
‘ough the non-conductor, unti) 
ient ted to pecome conducting, when 

nt continues in the ordinary way. 

rangement “ised in some of the bulbs con- 
In this instance a non-con- 
ar { carbon so 
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upon itself, the other, 


1pO Sel or others, being thereby relieved 
frend ality appear d to depend principally on the point of 
Cornporntey ot the facility with which the body wa 
moral paces Or, gene rally ae iking, disintegrated—mean 
Atte «Tm not only the throwing off « ‘ 8 

but likewise of Jar er lumps The ou Reeth ii fae 2k 
eM eat Nae With generally 1eeepted notion Ina high! 
= Musted bulb electricity is ¢ uTied off from the eleetrode 
Y independent carrier which are partly the atoms, or 
molecules, of the re idual atmosphere, and partly the aton 
molecules, or lumps thrown off from the electrode. Uf th 
electrode 7 composed of bodic { different character, and 
if one of these is more ea ily disintegrated than the other 
most of the electricity upplied is carried off from that 
Which is then brought to a higher mperature than th 
others, and this the more, As upon an increase of the tem 
perature the body is still more ea ily disinteer d 

Tt seems to me quite probable that a similar pr = take 
place in the bulb even with a hom " us elect in 
think itto be the principal cause of the disint tior 
There is bound to be some irreenutarit en if the surf 
Is highly polished, which. of course. is in possible with most 


of the refractory bodies employed as electrodes \ 
that a point of the electrod: gets hotter, instantly most of 
the discharge passes throug 


h that point, and a minute patch 


1s probably fused and evaporated. Tt is no possible that in 
consequence of the violent disintegration the t attacked 
sinks In temperature, or that 1 counter force is created 

moan are; at any rate, the local tearing off meets 
with the limitations incident to the experiment, where 
upon the same process occurs on another place To 
the eye the electrode Appears uniformly brilliant, 
but there are upon it points constantly shifting and 
wandering around. of a temperature far above the 
mean, and this materially hastens the process of deteriora 
tion. Thatsome such thing occurs, at least when the elec- 


trode is at a lower temperature, suilicient experimental evi- 
dence can be obtained in the follow ing manner: Exhaust a 
bulb to a very high degree, so that with a fairly hizh poten- 
tial the discharge cannot pass—that is, not a luminous one, 
for a weak invisible discharge occurs always, in all prob- 
ability. Now rai slowly and carefully the potential, leav- 
ing the primary current on no more than for an instant. At 
& certain point, two, three, or half a dozen phosphorescent 
Spots will appear on the globe. These places of the glass are 
evidently more violently bombarded than others, this being 
due to the unevenly distributed electric density, ne sitated 
of course, by sharp projections. or, generally speaking, ir- 


ndicat 
ht, and th 


ncup was 
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The before mentioned diMeulty did not exist, however, 
when the body mounted in the earbon eup offered great re- 
istanee to deterioration. For instance, when an oxide was 
first fused in an oxygen blast and then mounted in the bulb, 
it melted very readily into a drop 
Crenerally during the process of fusion magnificent light 
efeet re noted, of whieh it would be dificult to give an 
vdequate idea. Fig. 28 is intended to illustrate the effect 
observed with a ruby drop \t firstone may see a narrow 
fiinnel of white light projected against the top of the 
\ if produc in irrecularly outlined phosphoreseent 
j When the point of the ruby fuses the phosphores- 


een becon very powerful: but as the atoms are pro- 


d with mueh 


reater speed from the surface of the 
droy on the gla ets hot and “tired,” and now only the 
outer edg f the pateh glow In this manner an intensely 
phosphorescent harply defined line, /, corresponding to 
the outline of the drop, is produced, whieh spreads slowly 
the g is the drop gets larger. When the mass be- 
gins to boil, small bubbles and cavities are formed, which 
1use dark colored spots to sweep across the globe. The 
bulb may be turned downward without fear of the drop 
falling off, as the mass possesses considerable viscosity 
I may mention here another feature of some interest, 
which [ believe to have noted in the course of these ex- 
periments, though the observations do not amount to a 
certitude It appeared that under the molecular impact 
caused by the rapidly alternating potential the body was 
fused and maintained in that state at a lower temperature 
in a highly exhausted bulb than was the ca at normal 
pressure and application of heat in the ordinary way— 
that is. at least, judging from the quantity of the light 
emitted. One the riments performed may be men- 
tioned here by way of illustration. A small piece of 
pumice stone was stuck on a platinum wire, and first 
melted to it in a gas burner. The wire was next placed 


between two pieces of charcoal and a burner applied so as 
to produce an intense heat, sufficient to melt down the 
pumice stone into a small glass-like button. The platinum 
wire had to be taken of sufficient thickness to prevent 
its melting in the fi While in the charcoal fire, or when 
held in a burner to get a better idea of the degree of heat, 
the button glowed with great brilliancy. The wire with 
the button was then mounted in a bulb, and upon exhaust- 
ing the same toa high degree, the current was turned on 
slowly soas to prevent the cracking of the button, The 
button was heated to the point of fusion, and when it 
melted it did not, apparently, glow with the same brilliancy 
as before, and this would indicate a lower temperature. 
Leaving out of consideration the observer's possible, and 
even probable, error, the question can a body under 
these conditions be brought from a solid to a liquid state 
with evolution of /ess light? CP: 
When the potential of a body is rapidly alternated it is 
certain that the structure is jarred. When the potential is 
very high, although the vibrations may be few—say 20,000 
per second—the effect upon the structure may be consider- 
able. Suppose, for example, that a ruby is melted into a 
drop by a steady application of energy. When it forms a 
drop it will emit visible and invisible waves, which will be 
in a definite ratio, and to the eye the drop will appear to be 
of a certain brilliancy. Next, suppose we diminish to any 
degree we choose the energy steadily supplied, and, in- 
stead, supply energy which rises and falls according to a 
certain law. Now, when the drop is formed, there will be 
emitted from it three different kinds of vibrations—the or- 
dinary visible, and two kinds of invisible waves: that: is, 
the ordinary dark waves of all lengths, and, in addition, 
waves of a well defined character. The latter would not 
exist by a steady supply of the energy; still they help to 
jar and loosen the structure. If this really be the case, 
then the ruby drop will emit relatively less visible and 
more invisible waves than before. Thus it would seem 
that when a platinum wire, for instance, is fused by cur- 
rents alternating with extreme orn it emits at the 
int of fusion less light and more invisible radiation than 
it does when melted by a steady current, though the total 
energy used up in the process of fusion is the same in both 


extreme frequency as it does with steady currents, 
assuming that it be worked at the same luminous intensity. 
This means that for rapidly alternatin 
ment should be shorter and thicker. 


ow—the worse it would be for the filament, 


extremely high frequency than by steady or low 
currents. m experience I may say that 
site holds good: the button withstands the 


ay 


cases. Or, to cite another example, a lamp filament is 
not capable of withstanding as long with currents of 


currents the fila- 

e he higher the fre- 
quencye stole is, the greater the departure from the steady 
x But if the 

truth of this remark were demonstrated, it would be erro- 
“neous to conclude that such a refractory button as used in 
these bulbs would be deteriorated quicker by currents of 


a 


trode, and consequently the speed of the projected atoms, 


THE ELECTRICAL WORLD. 


n that of radiating or 
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Sreiaeeton:. Through the kindness of the inventor, T 
eat hipasoe, ort while ago some samples which I desired to 
regard to their qualities of phosphorescence and 
en te ae? pea eatan olne high dogrees of heat. 
ne J duro Can be obtained in two forms—in the form 
ceagemals ent of powder, The former appear to the 
Spbas A ar colored, but are very brilliant ; the latter is 
Sars uch ier es a peuiaary aa powder, pie 
. . \) “ewed under a microscope oO 
aoe of crystals given to me did not appear to have any 
Rona A ence perpied pieces of ponte Up sR 
H vality, 1@ majority were opaque, but there 
Eeneikiad. Wriich were transparentand colored, The erystals plied, Rit ing the body to any more than 
Se ee Tey Oe Oe ect temperature, especially if, the fre: 
oat ee When the blast is directed against them quency of the atomicimpacts be | vi . Whitha emitved 
Sone Gaeee eran a cake of some compactness, probably in that the fluctuation of the ven 4 Ais Bild ica 
a men 6 o ithe fusion of impurities they contain, The could not be detected by the oye: Ane <¢ supplied, emit 
further ft B ae for a very long time the blast without owing to the manner in which the energy al Pl very low 
and Really, atmallquaatiy ch eee te Te See Reiane Tow gould he ober call the, I 
shit a ; ntity of a glass-like residue is left, mean temperature. How could the obs ee AB 
peniohs Tisuppose, is melted alumina. When compressed  minosity tks produced? Even if the analysis af wis Hee 
aS Be a eoaaY very well, but not as well as ordinary — would teach him something definite, still he SNe It 
ugeasieee grow a yacht is obtained from the crystals ably rank it under the phenomena of se ane and OnE 
magnificent polist aS goals pa pnecgnauGtne! It affords a is conceivable thatin such a way Hou cone ne ee 
The time has been es ahoce Aneto satisfactory study Ronda! a eae TEN eee veguired ould very greatly 
Nees of va products but enough experience vary with the nature and properties of igloo eae 
tito eayithatioraaes rene weeks T have ex perimented upon These and some foregoing remarks of (EIU Aeatanes of 
Wane S bossess some remarkable properties in ture were made merely to bring out curious nen ee we 
ane teil Tt withstands excessively high degrees of alternate currents or electric impulses. By their he Ip we 
ana it ase eer orated by molecular bombardment, may cause a body to emit more light, while ata rae 
The only difficulty vehi ibe globe as ordinary carbon does, mean temperature, than it would emit if brought My vate 
tion with these aw M el Lhave found in its use in connec- temperature by a steady supply; and, again, we may | oT Tess 
tErInlESSHiGhise cr pemments was to find some binding ma- a body to the point of fusion, and cause it to emit cee 
bombardment as Ricca ce ie ie at . me at men wie a i SEA supply the 
- = yt a ry as Co rundum itsell does, ordinary ways. a depends 0} ow " iF a 
See pouaben of bulbs which 1 have provided energy, and what kind of Upetstals we set up: in one ae 
Sar hORasanin eat nee a To make such a button of the vibrations are more, in the other less, adapted to affec 
Tatakennieieee ae proceed in the following manner: our sense of vision. om) 
enisOmeTOLiGE think ae ilument and dip its point in tar, Some effects, which I had not observed before. obtainec 
lea carbonized sant su stance or paint which may be readi- —_ with carborundum in the first trials, I attributed to ites 
NOUEHMEIGS exe pass the point of the filament phorescence, but in subsequent experiments it appearec 
plate.» The Bone and then hold it vertically over ahot that it was devoid of that quality. The crystals possess a 
the fllament, the pease and vous a drop on the point of noteworthy feature. In a bulb provided with a ingle 
drop. By AaaHENRaT A ae bering to the surface of the electrode in the shape of a small circular metal disc ; or 
slowly dried out ana i age istance from the plate the tar is instance, ata certain degree of. exhaustion the electrode is 
more dip the butto: the button becomes solid. Ithenonce covered with a milky film, which is separated by a dark 
manRRNGrarae paced el hold it again oyer a plate — space from the glow filling the bulb. When the metal dise 
firmly binds he egw Whur anger gator’ sreque atacand avo Tis Youn later be toerel 
% es Inne a Jarg 0) is re intense, and snow-white. us 0 ater a 
une bee etic nrocess several times, and I generally also an effect of the bright surface of the crystals, for when an 
orystala 2 The TRUE peieation with aluminiom Slectode was mighly polished it exhibited more 
A in a bwb, when a or Jess the same phenomenon. mai a num ° X= 
good macuuDL has been reached, first a weak and then a periments with the samples of crystals obtained, princi- 
E ong cuscharge is passed through the bulb to carbonize pally because it would have been of special interest to find 
vee eaeridiexpel al gases, and later it is brought to a very Ge they are capable of phosphorescence, on account of 
s ce. their being conducting. I could not produce phosphores- 
When the powder is used I have found it best to proceed cence distinctly, but 1 must remark that a decisive opinion 
Soca a ee ack bait ef carborung am Aaa tar, canny be fora until other experimenters have ra oyer 
) filament through the paint. Taking then the same ground. 
most of the paint off by rubbing the filament against a The MORES behaved in some experiments as though it 
iece of chamois leather, I hold it over a hot plate until the contained alumina, but it did not exhihit with sufficent 
ar evaporates and the coating becomes firm, I repeat this distinctness the red of the latter. Its dead color brightens 
Pea ahooan ne ari meceearys to obtain O cen eensiderably funder the molecular arp ae but I am now, 
Z. n the point of the coated filament convinced it does not phosphoresce. Still, the tests with the 
T form a button in the same nee powder are not concise: because powdered carborundum 
There is no doubt that such a button—properly prepared _ probably does not behave like a phosphorescent sulphide, 
under great pressure—of carborundum, especially of for example, which could be finely powdered without im- 
owder of the best quality, will withstand the effect of the _ pairing the phosphorescence, but rather like powdered ruby 
ombardment fully as well as anything we know. The or diamond, and therefore it would be necessary, in order 
difficulty is that the binding material gives way, and the to make a decisive test, to obtain it ina large lump and 
carborundum is slowly thrown off after some time. As it polish up the surface. 
does not seem to blacken the globe in the least, it might be If the carborundum proves useful in connection with 
found useful for coating the filaments of ordinary incan- these and similar experiments, its chief value will be found 
descent lamps, and I think that it is even possible to pro- in the production of coatings, thin conductors, buttous, or 
duce thin threads or sticks of carborundum which will re- other electrodes capable of withstanding extremely high 
place the ordinary filaments in an incandescent lamp. A degrees of heat. ‘ 
carborundum coating seems to be more durable than other The production of a small electrode capable of withstand- 
coatings, not only because the carborundum can withstand ing enormous temperatures I regard as of the greatest im- 
high degrees of heat, but also because it seems to unite portance in the manufacture of light. It would enable us 
with the carbon: better than any other material I have tried. to obtain, by means of currents of very high frequencies 
A coating of zirconia or any other oxide, for instance, is certainly 20 times, if not more, the quantity of light which 
far more quickly destroyed. I prepared buttons of dia- is obtained in the present incandescent lamp by the same 
mond dust in the same manner as of carborundum, and — expenditure of energy. This estimate may appear to many 
these came in durability nearest to those prepared of car- exaggerated, but in reality I think it isfar from being so. 
berundum, but the binding paste gave way much more As this statement might be misunderstood I think it neces- 
quickly in the diamond buttons : this, however, I attribu- sary to expose clearly the problem with which in this line 
ted:to the size and irregularity of the grains of the dia- of work we are confronted, and the manner in which, in 
wean my opinion, a solution will be arrived at. a 
Tt was of interest to find whether carborundum possesses Any one who begins a study of the problem will be a ot 
the quality of phosphorescence. Oneis, of course, prepared to think that what is wanted in a lamp with an electro: le 
to encounter two culties: first, as regards the rough is a very high degree of incanaescence of the electrode, « 
product, the “crystals,” they are good conducting, and ‘There he will be mistaken, The high incandescence of 
it isa fact that conductors do not phosphoresce ; second, the button is a necessary evil, but what is really wanted 4 
the powder, being exceedingly fine, would not be apt to the high incandescence of the gas surrounding the button, 
exhibit veryprominently this quality, since we know that In other words, the problem in such a lamp is to bring: a 
when s' att yen rugs as uupond ws auy are analy ies Gets ND ie highest possible incandescence The 
owdered, they lose the property of phosphorescence toa higher the ineandescence, the quicker the ers 
Eonsiderable degree. é the greater is the economy of vthe light a toauahace atom 
The question presents itself here, can a conductor phos- to maintain a mass of gas at a high degree of inc: re 
phoresce? What is there in such a body as a metal, forin- cence in a glass vessel, it will always be necessar: randens 
stance, that would deprive it of the quality of phosphores- the incandescent mass away from the glass + oe 
cence, unless it is that property which characterizes itat a _ confine it as much as possible to the central 3 that is, to 
conductor ? ne: it ane f a earn cet of thet phosphorescent Bloke! portion of the 
bodies lose that quality when they are sufficiently heate n one of the experi i i 
to become pipe Or eae Gonducting. Then, if a ate be in [. duced at the end of Tate ST ae Drushiwas pro- 
a large measure, or perhaps entirely, deprived of that prop- | source of heat andlight. It did not emit auch 2 flame, he 
erty, it should be capable of phosphorescence, ‘Therefore | heat, nor did it glow with an intense light; ba _berceptible 
it is quite possible that at some extremely high frequency, aflame because it does not scorch ie Me but is it the less 
when behavin, precncsly, as anon-conductor, a metal or — a flame because it does not hurt m x a Fa i the lees 
any other conductor might exhibit the quality of phos- The problem is precisely to. Sate: its brilliancy ? 
mene iain trac reloeagucy aieen yuhaale oie Bl nconpealy moray 
Here, however auother possible way how a conductor pala of aucientiy high frequency, 
X hem. ) ) 
nsiderable doubt still exists as to what really is phos- d'to pavulb conta d 
phorescence, and as to whether the various phenomena 
comprised under this head are due to the same causes. 
Suppose that in an exhausted bulb, under the molecular 
impact, the surface of a piece of metal or other conductor 
is rendered strongly luminous, but at the same time it is 
found that it remains Rouipare yey cool, would not this 
luminosity be called phosphoresence ? Now such a result, 
theoretically at least, is possible, for it is a mere question 
of potential or speed, ume the potential of the elec- the 


would be incomparably faster tha he collision. In the 
conducting away from the surface UNL tate toms would 
eye of the observer a single impact of the atoms 


{ » impacts were re- 

cuuse an instantaneous nat Lal if SE Aric Meat 
anted wi i rapidity they wouwle 5 

peated with sufficient ray 3 To him then the sur- 


tinuous impression upon hia retina. Feateleactt b 
face of the metal would appear contin) | ty thelight 
and of constant luminous intensity while ir . J oriodically 
would be either intermittentorat least changing p a alave 
in intensity. The metal piece would Lia th Gay ry con- 
unul equilibrium was attained—that is,until t te Ae or. 
tinuously radiated would equal that interm1 h ef aa 
But the supplied energy might under such’ co! 


tinuously 


ful. Were there means at hand for produci 


fo he sufficiently high, the surface of the metal 
‘ainst which the atoms are projected would be 3 
Piety tacandesoants since the process of heat genera: 


Vor. XIX, No. 19, 


small electrode ia of course brought to an extremely hich 
temperature, but around it is a mossof highly incandescent 
gas, a flame photosphere, many hundred times the volums 
of the electrode. With adiamond, ecarborundum or zir 
conia button the photosphere can be as much as one thon 
sand times the volume of the button. Without much 
reflecting one would think that in pushing so far the jy 
candescence of the electrode it would be instantly volatit 


ized. But after a careful consideration he would tind that 
theoretically, it should not oceur, and in this fact—whiel 
however, is experimentally demonatrated—lies principal 
the future value of such a lamp 

At first. when the bombardment begins, most of th , 
is performed on the surface of the button, but wher 
highly conducting photosphere is formed the button j 
comparatively relieved. The higher the incandescenece of 
the photosphere the more it approaches in conductivit 
that of the electrode, and the more, therefore, the solid ar 
the gas form one conducting body. The consequenc 
that the further is forced the ineandescence the mor 
work, comparatively, is performed on the g ind tl 
on the electrode. The formation of a powerful 
sphere is consequently the very means for prots 
electrode. This protection, of course, is a relati 
and it should not be thought that by pushing the I 
cence higher the electrode is actually less det | 
Still, theoretically, with extreme frequencies, tl 
must be reached, but probably at a temperature | 
for most of the refractory bodies known. Given, ther 
electrode which can withstand to a very high limi 
effect of the bombardment and outward st 
be safeno matter how much it is forced | 
limit. In an incandescent lamp quite different consider 
tions apply. There the gas is not at all concerned: the 
whole of the work is performed on the filament; and (| 
life of the lamp diminishes so_ re idly with the increase of 
the degree of incandescence that economical reasons com 
pel us to work it at a low incandescence. But if an incan 
descent lamp is operated with currents of very high fre- 
quency, the action of the gas cannot be neglected, and the 
rules for the most economical working must be consider 
ably modified. : 

In order to bring such a.lamp with one or two electrodes 
to a great perfection, it is nec ry to employ impulses of 
very high frequency. The high frequency secures, among 
others, two chief advantages, which have a most important 
bearing upon the economy df the light production. First, 
the deterioration of the electrode is reduced by reason of 
the fact that we employ a great many small impacts, in 
stead of a few violent ones, which shatter quickly the 
structure; secondly, the formation of a large photosphere 
is facilitated. 

In order to reduce the deterioration of the electrode to 
the minimum, it is desirable that the vibration be har- 
monic, for any suddenness hastens the process of destruc- 
tion. An electrode lasts much longer when kept at incan- 
descence by currents, or impulses, obtained from a high- 
frequency alternator, which rise and fall more or less 
harmonically, than by impulses obtained from a disruptive 
discharge coil. In the latter case there is no doubt that 
most of the damage is done by the fundamental sudden 
discharges. 

One of the elements of loss in such a lamp is the bom- 
bardment of the globe. As the potential is very high, the 
molecules are projected with great speed ; they strike the 
glass, and usually excite a strong phosphorescence. The 
etfect produced is very pretty, but for economical reasons 
it would be perhaps preferable to prevent, or at least re- 
duce to the minimum, the bombardment against the globe, 
as in such Case it is, as a rule, not the object to excite phos- 
phorescence, aud as some loss of energy results from the 

ombardment. This loss in the bulb is principally depend- 
ent on the Roental of the impulses and on the electric 
density on the surface of the electrode. In employing very 
high frequencies the loss of energy by the bombardment 
is greatly reduced, for, first, the potential needed to per- 
form a given amount of work is much smaller; and, sec- 
ondly, by producing a highly conducting photosphere 
around the electrode, the same result is obtained as though 
the electrode were much larger, which is equivalent to a 
smaller electric density. But be it by the diminution of 
the maximum potential or of the density, the gain is ef- 
fected in the Same manner, namely, by avoiding violent 
shocks, which strain the glass much beyond its limit of 
elasticity. If the frequency could be brought high enough, 
the loss due to the imperfect elasticity of the glass would 
be entirely negligible. The loss due to bombardment of 
the globe may, however, be reduced by using two elec- 
trodes instead of one. In such case cea of the electrodes 
may pekyennected to oue of the terminals; or else, if it is 
eS Gan @ to use only one wire, one electrode may be con- 
ect ae one terminal and the other to the ground or to 
ao thd ee body of some surface, as, for instance, a shade 
on the lamp. In the latter case, unless some judgment is 
the electrodes might glow more intensely than 


Q le le Lfind it preferable when using such 
frequencies to employ only one electrode and one con- 
e. Lam convinced that the illuminating device 
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tential, it is perfectly safe, the shock from it pr ae 
| ee inconvenience. Still, such a transformer eons me 
nsive, and in itself inefficient; and, besides, What ex : = 
was obtained from it would not be economically us¢ ae 
the production of light. The economy demands the eae 

ployment of energy in the form of extremely rapi 
i vibrations. The problem of producing jig} rapid 
|. been likened to that of maintaining a cor Tae 1 bas 
= itch note by means of a bell. It shoula be said a janet 
qidible note; and even these words would not ex sae arely 
wonderful is the seasiliveness of the eye. We ae a ee 
owerful blows at long intervals, waste a good dealer ; BUNGE 
and still not get what we want; or we may keep an ee” 
by delivering frequent gentle taps, and pet ee uotG 
an object sought by the expenditure of much less cneeee” the 
; the production of light, as far as the illumi 
concerned, there can be only one rule—that is, to use as jor 
os frequencies as can be obtained; but the means ren ae high 
duction and conveyance of impulses of such eh; t le pro- 
; pose, at present at least, great limitations, Once iti ; rede 
< to use very high frequencies, the return wire acon ecided 
a necessary, and all the appliances are simplified. By the we, 
\ of obyious means the sane result is obtained as tho: ee use 
return wire were used. It is sufficient for this oo62 the 
bring in contact with the bulb, or merely in the purpose to 
\ the same, an insulated body of some SuLface x icinity of 
| need, of course, be the smaller, the higher the ns surface 
ts and potential used, and necessarily, also, the ; requency 
' economy of the lamp or other device. * ligher the 
! This plan of working has been resor 
casions tus evening: So, for instance, 

cence of a button was produced by grasp; ( 
| the hand, the body of thie ex parinventen ae re bulb with 
intensify the action. The bulb used was aimilee ca to 
lustrated in Fig. 19, and the coil was excited to a stall oa: 


© Incandescence 
v a and incident- 
id manner, the button was taken so larce tha able 
| time had to elapse before, upon Ennine a Baie publ H 
i be rendered incandescent. ‘The contact with the bulb: ae 
of course, quite unnecessary. It is easy, by using a mathae 
large bulb with an exceedingly small electrode, to maint 
the conditions so that the latter is brought to bright in Jet 
descence by the mere approach of the experimenter with a 
a few feet of the bulb, and that the incandescence sub: age 
Eon his peeing: : as 
_In another experiment, when phosphor 3 ex 
cited; a similar bulb was used. ere Sean Oaginalie the 
potential was not sufficient to excite phosphorescence Patil 
the action was intensified—in this case, however, to present 
a different feature, by touching the socket with a metallic 
object held in the hand. The electrode in the bulb was a 
carbon button eS) ree ha it ud not be brought to in- 
candescence, an ereby spoil the effe r 
Phorescence NY spo: ct produced by phos- 
gain, in another of the early experiments, a 
used as illustrated in Fig. 12. In this instance, ioe 
the bulb with one or two fingers, one or two shadows of 
_the stem inside were projected against the glass, the touch 
of the finger producing the same result as the application 
_ of an external negative electrode under ordinary circum- 
stances. 
In all these experiments the action was intensified by 
_ augmenting the capacity at the end of the lead connected 
to the terminal. As a rule, it is not necessary to resort to 
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ted to on several oc- 
when the incandes- 
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A similar di +1 
SCR sition with & phosphorescent tube is illus- 
tubes of a diff The tube Tis prepared from two short 
On the [yuterent diameter, which are sealed on the ends. 
ver end is placed an outside conducting coating 


fio wnich connects to the wire w. ‘The wire has a hook on 
of tect end for suspension, and passes through the centre 
© inside tube, which is filled with some good and 


tig acke 

TRAN ked insulator, On the outside of the upper end 
eal ne is another conducting coating C upon which 
hy at hscae metallic reflector Z, which should be separated 
a thick insulation from the « nd of wire w. 

1e economical use of such a retlector 

ERTS or intensifier woul: 
require that all mérey supplied pete: or intensifier would 


. air cc ser shoul 
be recoverable r condenser should 


, or, in other words, that there should not be 


an sses, neither 

Bae < » neither in_the gaseous medium nor through its 

nately ae This is far from being so, but, fortu- 

remi rk te losses May be reduced to anything desired. A few 

a ae are Heceseay on this subject, in order to make the 
xperiences gathered in the aalo ei ‘ 

perfectly clear, e course of these investigations 
S se ¢ a r 

in at oss 2 small helix with many well insulated turns, as 

xperimenv ips li has one ofits) ouds connected to one 
mt 


MIG. 4% v¥> 
F1G, 26.—IMprRovep Bus wirn INTENSIFYING REFLECTOR. 


of the terminals of the induction coil, and the other to a 
metal plate, or, for the sake of simplicity, asphere, insu- 
lated in space. _When the coil is set to work, the potential 
of the sphere is alternated, and the small helix now be- 
haves as though its free end were connected to the other 
terminal of the induction coil. If an iron rod be held 
within the small helix it is quickly brought to a high tem- 
perature, indicating the passage of a strong current through 
the helix. How does the insulated sphere act in this case ? 
It can be a condenser, storing and returning the energy 
supplied to it, or it can be a mere sink of energy, and the 
conditions of the experiment determine whether it is more 
one or the other. The sphere being charged to a high po- 
tential, it acts inductively upon the surrounding air, or 
whatever gaseous medium there might be. The mole- 
cules, or atoms, which are near the sphere are of course 
more attracted, and move through a greater distance than 
the farther ones. When the nearest molecules strike the 
sphere they are repelled, and collisions occur atall distances 
within the inductive action of the sphere. It is now clear 
that, if the potential be steady, but little loss of energy can 
be caused in this way, for the molecules which are nearest 
to the sphere, having had an additional charge imparted to 
them by contact, arenot attracted until they have parted, if 
not with all, atleast with most of the additional charge,which 
can be accomplished only after « great many collisions. 
From the fact that with a steady potential there is but little 
loss in dry air, one must come to such a conclusion. When 
the potential of the sphere, instead of being steady, is alter- 
nating, the conditions are entirely different. In this case a 
rhythmical bombardment occurs, no matter whether the 
molecules after coming in contact with the sphere lose the 
imparted charge or not; what is more, if the charge is not 
lost, the impacts are only the more violent. Still if the 
frequency of the impulses be very small, the loss caused by 
the impacts and collisions would not be serious unless the 
potential were excessive. But when extremely high frequen- 
cies and more or less high potentials are used, the loss may be 
very great. The total energy lost per unit of time is propor- 
tionate to the product of the number of impacts per 
second, or the frequency and the energy lost in each 
impact. But the energy of an impact must be propor- 
tionate to the square of the electric density of the 
sphere, since the charge imparted to the molecule is 
|L proportionate to that density. I conclude from this that 
/ the total energy lost must be proportionate to the pro- 
duct of the frequency and the square of the electric 
density; but this law needs experimental confirmation. 
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yestigators. To reduce the probable error as much as 
possible in experiments of the kind alluded to, it is 
1dvisable to use spheres or plates of large surface, 
40 as to make the density exeeedingly small. 
Otherwise, when it is practicable, an oil condenser should 
be used in preference, In oil or other liquid dielectrics 
there are seemingly no such losses as in gaseous media, It 
being impossible to exclude entirely the in condensers 
with solid dielectric uch condensers should be immersed 
in oil, for economical reasons if nothing else; they can then 
be strained to the utmost and will remain cool. In Leyden 
jars the loss due to air is comparative ly small, as the tin- 
foil coatings are large, close together, and the charged 
surfaces not directly exposed; but when the potentials are 
very hich, the loss may be more or less considerable at, or 
near, the upper edge of the foil, where the air is prinei- 
pally acted upon Uf the jar be immersed in boiled-out oil, 
it will be capable of performing four times the amount of 
work which it can for any length of time when used in the 


ind the loss will be inappreciable 
thought that the loss in heat in an air 
condenser is necessarily associated with the formation of 
visiblestreams or brushes. If a small electrode, inclosed 
in an unexhausted bulb, is connected to one of the ter 
minals of the coi), streams can be seen to issue from the 
electrode and the air in the bulb is_heat i if, instead of a 
small electrode, a large sphere is inclosed in the bulb, no 
streams are observed, still the air is heated. \ ; 
Nor should it be thought that the temperature of an air 
approximate idea of the 
ase heat must be given 


ordinary way 
It should not 


condenser would give even an 
loss in heat incurred in such case hi 1 
off much more quickly, since there is, 10 addition to the 
ordinary radiation. a very active carrying away of heat by 
independent carriers going On, and since not only the ap- 
paratus, but the air at some distance from it is heated in 
consequence of the collisions which must occur, Pa 
Owing to this. in experiments with such a coil, a rise of 
temperature can be distinctly observed only when the body 
connected to the coil is very small. But with apparatus on 
a larger scale, even a body of consid srable bulk would be 
heated, as, for instance, the body of a person ; and I think 
that skilled physicians might make observations of at) 
in such experiments, which, if the apparatus were juc l- 
ciously designed. would not present the slightest danger. 
tuestion of some interest, principally to meteore ogists, 
presents itself here. How does the earth behave ? The 
earth is an air condenser, but it is a perfect ora very im- 
perfect one—a mere sink of energy ? There ean be little 
doubt that to such small disturbance as might be caused in 
an experiment the earth behaves as an almost perfect con- 
denser. But it might be different when its charge 1s set in 
vibration by some sudden disturbance occurring in the 
heavens. iInsuch case, as before stated, probably only 
little of the energy of the vibrations set up would be lost 
into space in the form of long ether radiations, but most of 
the energy, I think, would spend itself in molecular im- 
pacts and collisions, and pass off into space m the form of 
short heat, and possibly light, waves. As both the fre- 
quency of the Sian of the charge and the potential are 
in all probability excessive, the energy conyerted into heat 
may be considerable. Since the density must be unevenly 
distributed, either-in consequence of the irregularity of the 
earth’s surface, or on account of the condition of the at- 
mosphere in various places, the effect produced would ac- 
cordingly yary from place to place. Considerable varia- 
tions in the temperature and pressure of the atmosphere 
may in this manner be caused at any point of the surface 
of the earth. The variations may be gradual or very sud- 
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ton of the gas ip the bulb, Ifa very small bulb be taken, 
it would confine the heat better Mian a large one, but it 
et not be of sufficient enpacily to be operated from the 
coil, or, Iso, the glass might get too hot, A simple way 
fo improve in this direction is to omploy a globe of the re 
quired size, but to place a small bulb, the diameter of whieh 
is properly estimated, over the refractory button contained 

in the globe. ‘This arrangement is illustrated in Mg. 28. 

The globe L hus in this case a large neck n, allowing 
the snall bulb 6 to slip through. Otherwise the construc- 
tion is the same as shown in Fig, 18, for example, The 
small bulb is conveniontly supported upon the stem 8, ear 
rying the refractory button m. It is separated from the 
aluminium tube a’ by several layers of mica M, in order 
to prevent the cracking of the neck by the rapid heating of 
the aluminium tube upon a sudden turning on of the cur- 
rent. The inside bulb should be as small as possible when 
it is desired to obtain light only by incandescence of the 
olectrode, Tf it isdesired to produce phosphorescence, the 
bulb should be larger, else it would be apt to get too hot, 
and the phosphorescence would cease. In this arrange 
ment usually only the small bulb shows phosphorescence, 
as there is practically no bombardment against the outer 
slobe. In some of these bulbs constructed as illustrated in 

Mig. 28 the small tube was coated with phosphorescent 
paint, and beautiful effects were obtained. Tagtentl of mak- 
ing the inside bulb large, in order to avoid undue heating, 
itanswers the purpose to make the electrode m larger. In 
this case the bombardment is weakened by reason of the 
smaller electric density. : 

_, Many bulbs were constructed on the plan illustrated in 
Fig. 29. Here a small bulb b, containing the refractory 
button m, upon being exhausted to x very high degree was 
sealed ina large globe LZ, which was tlien moderately ex- 
hausted and sealed off. The principal advantage of this con- 
struction was that it allowed of reaching extremely high 
vacua, and, at the same time usealarge bulb. It was found, 
in the course of experiences with bulbs such as illustrated in 
Fig. 29, that it was well to make the stems near the seal 
at every thick, and the leading-in wire w thin, as it  oc- 
curred sometimes that the stem at e was heated and the 
bulb was cracked. Often the outer globe ZL was exhausted 
only just enough to allow the discharge to pass through, 
and the space between the bulbs appeared crimson, pro- 
ducing a curious effect. In some cases, when the exhaus- 
tion in globe Z was very low, and the air good conducting, 
it was found necessary, in order to bring the button m to 
high incandescence, to place, preferably on the upper part 
of the neck of the globe, a tinfoil coating which was con- 
nected to an insulated body, to the ground, or to the other 
terminal of the coil, as the highly conducting air weak- 
ened the effect somewhat, probably by being acted upon 
inductively from the wire w, where it entered the bulb at 
é. Another difficulty—which, however, is always present 
when the refractory button is mounted in a very small bulb 
—existed in the construction illustrated in Fig. 29, namely, 
the vacuum in the bulb} would be impaired in a com- 
paratively short time. 

The chief idea in the two last described constructions was 
to confine the heat to the central portion of the globe by 
presenting the exchange of air. Anadvantage is secured, 

ut owing to the heating of the inside bulb and slow evap- 
oration of the glass the vacuum is hard to maintain, even 
if the construction illustrated in Fig. 28 be chosen, in 
which both bulbs communicate, 

But by far the better way—the ideal way—would be to reach 
sufficiently high frequencies. The higher the frequency 
the slower would be the exchange of the air, and 1 think 


| that a frequency may be reached at which there would be * 


no exchange whatever of the air molecules around the ter- 

minal. e would then produce a flame in which there 

would be no carrying away of material, and a queer flame 
it would be, for it would be rigid! With each high fre- 
quencies the inertia of the particles would come into play. 
As the brush, or flame, would gain rigidity in virtue of the 
inertia of the particles, the exchange of the latter would 
be prevented. This would necessarily occur, for, the num- 
ber of the impulses being augmented, the potential energy 
of each would diminish, so that finally only atomic vibra- 
tions could be set up, and the motion of translation through 
measurable space would cease. Thus an ordinary gas burner 
connected to a source of rapidly alternating potential might 
have its efficiency augmented toa certain limit, and this for 
two reasons—because of the additional vibration imparted, 
and because of a slowing down of the process of carrying 
off. But the renewal being rendered difficult, and renewal 
being necessary to maintain the burner,a continued in- 
crease of the frequency of the impulses, assuming they 
could be transmitted to and impressed upon the flame, 
would result in the ‘‘ extinction” of the latter, meaning by 
this term only the cessation of the chemical process. 

I think, however, that in the case of an electrode im- 
mersed in a fluid insulating medium, and surrounded by 
independent carriers of electric charges, which can beacted 
upon inductively, a sufficiently high frequency of the im- 
pulses would probably result in a gravitation of the gas all 
around toward the electrode. For this it would be only 
necessary to assume that the independent bodies are 
irregularly shaped; they would then turn toward the elec- 
trode their side of the greatest electric density, and this 
would be a position in which the fluid resistance to ap- 
proach would be smaller than that offered to the receding. 

The general opinion, I do not doubt, is that itis out of the 
question to reach any such frequencies as might—assuming 
some of the views before expressed to be true—produce any 
of the results which I have pointed outias mere possibilities. 
This may be so, but in the course of these investigations, 
from the obseryation of many phenomena I have gained 
the conviction that these frequencies would be much lower 
than one is apt to estimate at first. In a flame we set up 
light vibrations by causing molecules, or atoms, to collide. 
But what is the ratio of the frequency of the collisions and 
that of the vibrations set up? Certainly it must be incom- 
parably smaller than that of the knocks of the bell and the 
sound vibrations, or that of the discharges and the oscilla- 
tions of the condenser. We may cause the molecules of the 
gas to collide by the use of alternate electric impulses of 

igh frequency, and so we may imitate the process in a 
flame ; and from experiments with frequencies which we 
are now able to obtain, I think tha. the result is producible 
with impulses which are transmissible through a con- 
ductor. 

In connection with thoughts of a similar nature, it ap- 
peared to me of great interest to demonstrate the rigidity 
of a vibrating gaseous column. pa nauen with such low 
frequencies as, say 10,000 per second, which I was able to 
obtain without difficulty from a specially constracted 
alternator, the task looked Cia BINg, at first, I made a 
series of experiments. The trials with air at ordinary press- 
ure led to no result, but with air moderately rarefied I 
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rent through 2 wire contained in it. The advantage i 
the fatter case Was that the heating could be more rapidly 


ted. 
TOPE rally the process of exhaustion was the following:— 
‘At the start, the stop-cocks C and Cc, being open, and all 
other connections closed. the reservoir R, was raised so far 
that the mercury filled the reservoir R, and a part of the 
narrow connecting U-shaped tube. When the pump was 
set to work, the mercury would. of course, quickly rise in 


the tube, and reservoir yeawras lowered, the experimenter 
re keeping the mercury at about the same level. The reser 


-- R, was balanced by a long spring which facilits . 
po =e and the friction of the parts was crt ay ey 
ficient to keep it almost inany position. When the Sprengel 

ump had done its work, the reservoir R, was further 
lowered and the mercury descended in R, and filled R, 
whereupon stopcock ©, was closed. The air adhering to 
the walls of R, and that absorbed by the mercury was ¢ar- 
ried off, and to free the mercury of all air the reservoir R 
was for a long time worked up and down. During this proc- 
ess some air, which would ther below stopcock C,, was 
expelled from R, by lowering it far enough and “open- 
ing the stopcock, closing the latter again before 
i the reservoir. When all the air had been 
led from the mercury, and no air would gather in 
R, when it was lowered, the caustic potash was resorted to. 
The reservoir R, was now again raised until the mercury 
in R, stood above stopcock C,;. The caustic potash was 
fused and boiled, and the moisture partly carried off by the 
pump and partly re-absorbed; and this process of heating 
and cooling was repeated many times. and each time, upon 
the moisture being absorbed or carried off, the reservoir 
was for a long time raised and lowered. In this man- 
ner all the moisture was carried off from the mercury, and 
both the reservoirs were in proper condition to be used. 
The reservoir R, was then again raised to the top, and the 
pump was kept working for a long time. When the high- 
est vacuum inable with the pump had been reached 
the potash bulb wwas usually wrapped with cotton which 
was sprinkled with etherso as to keep the potash at a very 
low temperature, then the reservoir R was lowered, and 
pen reservoir R, being emptied the receiver r was quickly 
up. y 
‘When a new bulb was put on, the mercury was always 
raised above stopcock C,, which was closed, so as to 
always keep the mercury and both the reservoirs in fine 
condition, and the mercury was never withdrawn from R, 
except when the pump had reached the highest degree of 
exhaustion. Itis necessary to observe this rule if it is 
desired to use the apparatus to advantage. 
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we may be able ¥ 
high ae Lk produce. Could the frequency be brought 
PhroN ona etek e pees syatin of electric distribution 

] © interest. gas companies ht be re 
alts ; L y 4 panies, might be re 
eilaas: “t tal pipes filled with gas—the metal being the in 
hs git ‘ gas Rh conductor—supplying phos phorescent 

> yerhaps devices as yetuninvented, | 

sate f ‘ a tis cert 
pole to take a hollow core of « opper, rarefy the mw fh 
; ne SR and by passing impulses of sufficiently high fre 
a nanny i ough a circuit around it, bring the gas inside to 
. toe ie gree of incandescence; but as to the nature of the 
le there would be considerable uncertainty, for it would 
ye doubtful whether with such impulses the copper core 
would act as a static screen. Such paradoxes and apparent 
impossibilities we encounter at every step in this line of 
work, and therein lies, to a great extent, the charm of the 


have here a short and wide tube which is ¢ nusted to 
a high degree and covered with a ee lal coin at 
bronze, the coating allowing barely the light to. shine 
through. A metallic clasp. with a hook for suspé nding the 
tube. is fastened around the middl: portion of the latter 
the clasp being in contact with the bronze coatin Tino 
want to light the gas inside by suspending th ‘tube on a 
Wire connected to the coil. Any one who would try the 
experiment for the first time, not haying any previous ex 
perience, would probably take care to be quite alone when 
making the trial, for fear that he might become the joke of 
his assistants. Still, the bulb lights in spite of the metal 


coating, and the light can be 
through the latter. A long tube covered with aluminium 
bronze lights when held in one hand—the other 
touching the terminal of the coil—quite powerfully. It 
might be objected that the coatings are not sufficiently 
conducting ; still, even if they were highly resistant, they 
ought to screen the gas. They certainly screen it perfectly 
in a condition of rest, but not by far perfectly when the 
charge is surging in the coating. But the loss of e 
which occurs within the tube, notwithstanding the s 
is occasioned principally by the presence of the gas. Were 
we to take a large hollow metallic sphere and fill it with a 
perfect incompressible fluid dielectric, there would be no 
oss inside of the sphere, and consequently the inside 
might be considered as perfectly screened, though the 
potential be very rapidly alternating, Even were th 

sphere filled with oil, the loss would be incomparably 
smaller than when the fluid is replaced by a gas, for in the 
latter case the force produces displacements; that means 
impact and collisions in the inside. 

No matter what the pressure of the gas may be, it be- 
comes an important factor in the heating of a conductor 
when the electric density is great and the frequency very 
high. Thatin the heating of conductors by lightning dis- 
charges air is an element of great importance, is almost as 
certain as an experimental fact. may illustrate the 
action of the air by the following experiment: I take a 
short tube which is exhausted toa moderate degree and has 
a platinum wire running through the middle from one end 


distinctly perceived 
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passage through a volume of gas, if auch a thing ean be 
done in a practical mannet 

There are two more features upon whieh [ think it neces- 
ary to dwell in connection with these experimenta—the 
* radiant state ancl the non-atriling vacuum.” 

Any one who has studied Crookes’ work must have re- 
ceived the impression that the © radiant state ” is a property 
of the inseparably connected with an extremely high 
degree of exhanstion. But it should be remembered that 
the phenomena observed in an exhausted vessel are limited 
to the character and enpacity of the apparatus whieh is 
made use of. [think that ina bulb a molecule, or atom, 
does not precisely move in a straight line becanse if meets 
no obstacle, but because the velocity imparted to itis auim- 

ient to propel it in a sensibly straight line. The u 1 free 
path is one thing, but the velocity—the energy associnted 
with the moyng body—is another, and under ordinary cir- 
umstances I believe that it is a mere question of potenti 
rspeed, A disruptive discharge coil, when the potential 
is pushed very far, excites phosphorescence ind projects 
shadows, at comparatively low degrees of exhaustion. In 


1 lightning discharge, matter moves in atraight lines at 
ordinary pressure when the mean free path is exeeedingly 
small, and frequently images of wires or other metallic 
objects have been pr duced by the particles thrown off in 


straight lines. 


I have prepared a bulb to illustrate by an experiment 
the correctness of these assertions. Ina globe L (Pig. 31) 
I have mounted upon a lamp filament fa piece of lime I. 
The lamp filament is connected with a wire which leads 
into the bulb, and the general construction of the latter is 
as indicated in Fiz. 19, befcre described. The bulb being 
suspended from a wire connected to the termioal of the 
coil. and the latter being set to work. the lime piece / and 
tho projecting parts of the filament f are bombarded. The 
degree of exhanstion is just such that with the potential 
the coil is capable of giving phosphorescence of the glass 
is produced, but disappears as soon as the vacuum Is 
impaired. The lime containing moisture, and moisture 
being given off as soon as beating occurs, the phospho. 
rescence lasts only for a few moments. When the lime 
hus been sufficiently heated, enough moisture has been 
given off to impair materially the vacuum of the bulb. 
‘As the bombardment goes on. one point of the lime piece 
is more heated than other points, and the result is that 
finally practically all the discharge passes through that 
point which is intensely heated, and a white stream of lime 
particles (Fig. 31) then breaks forth from that point. This 
stream is composed of ‘* radiant” matter, yet the degree of 
exhaustion is low. But the particles move in straight lines 
because the velocity imparted to them is great, and this is 
duc to three causes—to the great electric density, the high 
temperature of the small peint, and the fact that the par- 
ticles of the lime are easily torn and thrown off—far more 
easily than those of carbon. With frequencies such as we 
are ab e to obtain, the particles are bodily thrown off and 

rojected to a considerable distance; but with sufficiently 
Kiet frequencies no such thing would occur: in such case 
only a stress would spread or a vibration would be propaga~ 
gated through the bulb. It would be out of the question to 
reach any such frequency on the assumption that the 
atoms move with the speed of light; but L believe that such 
a thing is impossible; for this an enormous potential 
would be required. With potentials which we are able to 
obtain, even with a disruptive discharge coil, the speed 
must be quite insignificant. 

‘As to the ‘‘non-striking vacuum,” the point to be noted 
is that it can occur only with low frequency impulses, and 
it is necessitated by the impossibility of carrying off enough 
energy with such impulses in high vacuum since the few 
atoms which are around the terminal upon coming in con- 
tact with the same are repelled and kept ata distance for a 
comparatively long period of time, and not enough work 
can be performed to render the effect perceptible to the 
eye. If the difference of potential between the terminals 
is raised, the dielectric breaks down. But with very high 
frequency impulses there is no necessity for such breaking 
down, since any amount of work can be performed by con- 
tinually agitating the atoms in the exhausted vessel, provided 
the frequency is high enough. It is easy to reach—even 
with frequencies ob ained from an alternator as here used— 
a stage at which the discharge does not pass between two 
electrodes in a narrow tube, each of these being connected 
to one of the terminals of the coil, but itis difficult 10 reach 

a point at which a luminous discharge would not occur 
around each electrode. 
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tube was then with insulatin j i 
a i ig powder, jamming 
fxs latteras tight as possible up to very een the end, 
en it was closed and only a small hole left through which 
the remainder of the powder was introduced, and_ finally 
the end of the tube was closed. Usually in bulbs con- 
structed as shown in Fig. 33an aluminium tube a was 
fastened to the upper end sof each of the tubes ?¢ and f,, 


in order to protect that end against theheat. The’buttons . 


m and m, could be brought to any degree of incandescence 
by psssing the disch s of Leyden jars around the coil 
C. Insuch bulbs with two buttons a very curious effect 
# prodnced by the formation of the shadows of each of the 
Another line of experiment, which has been assiduously 
followed, was to induce by electro-dynamic induction a 
current or luminous discharge in an exhausted tube or bulb. 
This matter has received such able treatment at the 
hands of Prof. J. J. Thomson that I could a but little to 
what he has made known, even had I made it the special 
subject of this lecture. Still, since experiences in this line 
have gradually led me to the present views and results, a 
few words must be devoted kere to this subject. ore 
_ it has occurred, no doubt, to many that as a vacuum tube 
is made longer the electromotive force per unit length of 
the tube, necessary to pass a luminous discharge through 
the latter, gets continually smaller; therefore, if the ex- 
hausted tube be made long enough, even with low fre- 
Nene a luminous discharge could be induced in such a 
ube closed upon itself. Such a tube might be placed 
around a hallor on a ceiling. and at once a sim Ws ap- 
pliance capable of giving considerable light | oad be 
obtained. But this would be an appliance hard to manu- 
factureand extremely unmanageable. It ‘would not do to 
make the tube up of small lengths. because there would 
be with ordinary frequencies considerable loss in the 
Coatings, and besides, if coatings were used, it would be 
better to supply the current directly to the tube by con- 
necting the coatings to a transformer. But even if all 
objections of such nature were removed, still. with low fre- 
quencies the light conversion itself would be inefficient, as 
I have before stated. In using extremely high frequencies 
the length of the secondary—in other words. the size of 
the vessel—can be reduced as far as desired, and the effi- 
ciency of the light conversion is increased, provided that 
means are invented for efficiently obtaining such high fre- 
quencies. Thus one is led, from theoretical and practical 
considerations, to the use of hizh frequencies, and this 
means high electromotive forces and small currents in the 
primary. When he works with condenser charges—and 
they are the only means up to the present known for 
reaching these extreme frequencies—he gets to electro- 
motive forces of several thousands of volts per turn of the 
primary. He cannot multiply the electro-dynamic induct- 
ive effect by taking more turns in the primary, for he ar- 
Tives at the conclusion that the best way is to work with 
one single turn—though he must sometimes depart from 
this rule—and he must get along with whatever inductive 
effect he can obtain with one turn. But befcre he has 
long experimented with the extreme frequencies required 
to set up in a small bulb an electromotive force of several 
thousands of volts he realizes the great importance of elec- 
‘trostatic effects, and these effects grow relatively to the 
pisciee dynamic in significance as the frequency is in- 
creased. 
Now, if anything is desirable in this case, it is to increase 
the frequency. and this would make it still worse fur the 
electro-dynamic effects. On the other hand, it is easy to exalt 
the electrostatic action as far as one likes by taking more 
turns on the secondary, or combining self-induction and 
‘capacity to raise the potential. It should also be remem- 
bered that, in reducing the current to the smallest value 
and increasing the potential, the electric impulses of high 
frequency can be more easily transmitted through a con- 
ductor. 
These and similar thoughts determined me to devote 
‘more attention to the electrostatic phenomena, and to en- 
‘deavor to produce potentials as high as possible, and _alter- 
nating as fast as they could be made to alternate. I then 
found that I could excite vacuum tubes at considerable 
“distance from a conductor connected to a properly cun- 
‘structed coil, and that I could, by conyerting the oscilla- 
tory current of a condenser toa higher potential, establish 
‘electrostatic alternating fields which acted through the 
‘whole extent of a room, lighting up a tube no matter 
“where it was held in space. I thought I recognized that I 
had made a step in advance, and I have persevered in this 
line; but I wish tosay that I share with all lovers of science 
_and progress the one and only desire—to reach a result of 
utility to men in any direction to which thought or experi- 
‘ment may lead me. I think that this departure is the right 
‘one, for I cannot see, from the observation of the pheno- 
‘mena which manifest themselves as the frequency is in- 
‘creased, what there would remain to act etween two 
circuits conveying, for instance, impulses of several hundred 
mi per second, except electrostatic forces. Even with 
‘such trifling frequencies the energy would be practically 
all potential, and my conviction has grown strong that, to 
‘whatever kind of motion light may be due, it is produced 
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“But I may take another tube and it might not light, the 
vacuum being very high. I excite it by means of a dis- 
ruptive discharge coil, and now it will light in the electro- 
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best an. ‘anskilled” lecturer can do is to begin and finish with 
the exhibition of these singular effects I take a tube in 
he hand and move it about, and it is lighted wherever I 
may hold it; throughout space the invisible forces act. 


tic field. I may put it away for a few weeks or months, 
the faculty of bein cited. What change 
ve I produced in the tube in the act of exciting it? Ifa 
motion imparted to the atoms, itis difficult to perceive how 
it.can persist so: long without being arrested by frictional 
losses ; and if a strain exerted in the dielectric, such as & 
mple electrification would produce, it is easy to see how 
persist indefinitely, but very difficult to understand 
such a condition should aid the excitation when we 
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sealed to another long tube 7, is pto- 
‘s, with a platinum wire sealed in the 
latter, A very thin lamp filament 7 is fastened to cue 
wire. and connection to the outside is made through a t Ad 
copper wire w. The tube is provided with Core ang 
inside coatings, € and C, respectively, and is filled as au as 
the coatings reach with con¢ ucting. and the space a ONS 
with insulating powder. These coatings are merely pees 
to enable me to perfurm two experiments with the tu be— 
namely, to produce the effect desired either by direct oot 
nectiun of the body of the experimenter or of another body 
to the wire tw, or by acting inductively through the glass. 
The stem sis provided with an aluminium tube a, for ee 
poses before explained, and only a small part of the fila- 
ment reaches out of this tube. By holding the tube 7, any- 
where in the electrostatic field the filament 1s T ndered in- 
candescent. Lay li 

A more interesting piece of apparatus is li es in 
Fig. 35. The construction is the same as before, only in- 
stead of the lamp filament a small platinum wire Pp. sealed 
ina stem s, and bent above it in a circle, is connected to 
the copper wire w, which is joined to an inside coannk 
©. Asmall stem s, is provided with a needle, on the 
point of which is arranged to rotate very freely a very light 
fan of micav. To prevent the fan from falling out, a thin 
stem of glass g is bent properly and fastened to the alu- 
minium tube. When the glass tube is held anywhere in the 
electrostatic field the platinum wire becomes incandescent, 
and the mica vanes are rotated very fast. z 

Intense phosphorescence may be excited in a bulb by 
merely connecting it toa plate within the tield, and the 
plate need not be any larger than an ordinary lamp shade, 
The phosphorescence excited with these currents is incom- 
parably more powerful than with ordinary apparatus. A 
small phosphorescent bulb, when attached to a wire con- 
nected to a coil, emits sufficient light to allow reading or- 
dinary print at a distance of five to six paces. It was of 
interest to see how some of the phosphorescent bulbs of 
Professor Crookes would behave with these currents, and 
he has had the kindness to lend me a few for the occasion. 
The effects produced are magnificent, especially by the sul- 
phide of calcium and sulphide of zinc. From the disrup- 
tive discharge coil they glow intensely merely by holding 
them in the hand and connecting the body to the terminal 
of the coil. 

To whatever results investigations of this kind may lead, 
their chief interest lies for the present in the possibilities 
they offer for the production of an efficient illuminating 
device. In no branch of electric industry is an advance 
more desired than in the manufacture of light. Every 
thinker, when considering the barbarous methods em- 
ployed, the deplorable losses incurred in our best systems 
of light production, must have asked himself, Whatis likely 
to be the light of the future? Is it to be an incandescent 
solid, as in the present lamp, or an incandescent gas, or a 
phosphorescent body, or something like a burner, but in- 
comparably more eflicient ? 

There is little chance to perfect a gas burner; not, per- 
haps, because human ingenuity has been bent upon that 
problem for centuries without a radical departure having 
been made —though this argument is not devoid of force— 
but becausejin a burner the higher vibrations can never be 
reached except by passing through all the low ones. For 
how is a flame produced unless by a fall of lifted weights? 
Such process cannot be maintained without renewal, and 
renewal is repeated passing from low to high vibrations. 
One way only seems to be open to improve a burner, and 
that is by trying to reach higher degrees of incandescence. 
Higher incandescence 1s equivalent to a quicker vibration: 
that means more light from the same material, and that, 
again, means more economy. In this direction some im- 
provements have been made, but the progress is hampered 
by many limitations. Discarding, then, the burner, there 
remain the three ways first mentioned, which are essen- 
tially electrical. 
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more or less the same as though the coating were «j, 
connected toearth. It is therefore necessary to cut 4 wy 
coating mn sections much shorter than the wave | i a 
Sueh an arrangement does not still atYord a perfect ge) th 
but it is ten thousand times better than none. 1 th), k { 
preferable to cut up the conducting coating in snal| «, M 
tions, even if the current waves be much longer than th 
coating. 4 bug 

Tf a wire were provided with a perfect electy: 
screen. it would be the same as though all object 

removed fromit at infinite distance. The capacity woy| \ 
then be reduced to the capacity of the wire itself, wy ict 
would be very small. It would then be possible to an 
over the wire current vibrations of very high frequen: ts 
at enormous distance without affecting greatly th : 
acter of the vibrations. A perfect screen is of course ot 
the question, but I believe that with ascreen suc! 1] 
just described telephony could be rendered practicah), 
across the Atlantic. According to my ideas, the gutta 

percha covered wire should be provided with a third con 

ducting coating subdivided in sections. On the p of 
this should be again placed a layer of gutta-y nd 
other insulation, and on the top of the whole the armor 

But such cables will not be constructed, for ere Jong jn 
telligence—transmitted without wires—will throb through 
the earth like a pulse through a living organism. Th 
wonder is that, with the present state of knowledge anq 
the experiences gained, no attempt Is being miad Pale 
turb the electrostatic or magnetic condition rth 
and transmit, if nothing else, intelligence ’ 

It has been my chief aim in presenting th ults to 
point out phenomena or features of novelty, ani to advance 
ideas which I am hopeful will serve as starting points of 
new departures. It has been my chief desire this evening 
to entertain you with some novel experiment Your ap- 
plause, so frequently and generously accorded, has told me 
that I have succeeded. 

In conclusion, let me thank you most heartily for your 
kindness and attention. and assure you that the honor | 
have had in addressing such a distinguished audience, the 
pleasure I have had 1m presenting these results to a gather 
ing of so many able men—and among them also sume of 
those in whose work for many years past Ihave found en 
lightenment and constant pleasure —I shall never forget, 

_—____+-- 2 --=—. 
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CONTINENTAL ELECTRIC LIGHT CENTRAL STATIONS, with 
Notes on the Methods in Actual Practice for Distributing 
Electricity in Towns. By Killingsworth Hedges. 210 pp., 
25 plates and numerous illustrations. Price, $6.00. E. 
& F. N. Spon: London, 1892. 

The object of the author of this book is first to enable the 
members of lighting committees and others taking up the 
question of the introduction of electricity to attain a rapid 
survey of what has been done abroad both on a large and a 
small scale, and consequently to enable electrical engineers 
to follow those arrangements for distributing electricity 
which differ from the usual English practice. It is com- 
piled in part from the reports made for the Congress of the 
German municipal authorities on the occasion of their visit 
to the International Electrical Exibition at Frankfort in 
August of last year. 

There is probably no other country in the world where 
there is a greater variety of systems in use in central _sta- 
tions than in Germany and other continental countries of 
Europe. There appear to be scarcely two stations alike. 
It is to acquaint the electrical engineer and others in- 
terested in central stations with these very varied systems 
that the author has prepared this volume. As the Ameri- 
cans are perhaps even less wellacquainted with the meth- 
ods used in continental Europe than the Englishmen are, 
this Look ought to be of great interest to Americans, as it 
will undoubtedly be to the English. 

a The general plan of the book is a more or less complete 

description of each of about 57 different central stations on 

e continent. They are dividedinto two parts, the first 
one. on high pressure distribution with alternating currents 
one as ormers, and the second on low pressure distri- 
on ca ie coreotacr urea either direct or with s 
‘in Part2. Part3 y far the larger number are comprised 
jects, including a 
power transmissi 
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condition, and the mercury was never withdr 
except when the pump had reached the 
exhaustion. Itis necessary to observe 
- desired to use the apparatus to advantage, 
By means of this arrangement I was able to proceed very 
quickly. and when the apparatus was in perfect order it ae i 
ible to reach the phosphorescent Stage ina small | ib 

in less than 15 minutes, which is certainly very quick a ane 
for a small laboratory arrangement requiring allinall ae t 
100 pounds of mercury. With ordinary small bul bs the rat 
of the capacity of the pump, receiver, and connections. and 
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a platinum wire running through the middle from one end 
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he other. I pass a steady or low frequency curren 
Aenah the aire, and it is heated uniformly in al Dare 
The heating here is due to conduction, or frictional losses, 


and the gas around the wire has—as far as we can see-—no © 
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e recoverable, or, in other words, that there should not be 
any losses, neither in ¢he gaseous medium nor through its 
action elsewhere. This is far from being so, but, fortu- 
nately, the losses may be reduced to anything desired, A few 
remarks are necessary on this subject, in order to make the 
experiences gathered in the course of these investigations 
perfectly clear. 
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Fic. 26.—IMPROVED BULB WITH INTENSIFYING REFLECTOR. 


of the terminals of the Induction coil, and the other toa 
metal plate, or, for the sake of simplicity, a sphere, insu- 
lated in space. When the coil is set to work, the potential 
of the sphere is alternated, and the small helix now be- 
haves as though its free end were connected to the other 
terminal of the induction coil. If an iron rod be held 
within the small helix it is quickly brought to a high tem- 
perature, indicating the passage of a strong current through 
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Fig. 24.—BuLB witHoUuT LEADING- FIG. Reid 
IN WIRE, SHOWING EFFECT OF ea ® 
PROJECTED MATTER. . 
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but there are upon it points constantly shifting and 
wandering around, of a temperature far above the 
mean, and this materially hastens the process of deteriora- 
tion. Thatsome such thing occurs, at least when the elec- 
trode isat a lower temperature, sufficient experimental evi- 
dence can be obtained in the following manner: Exhaust a 
bulb to a very high degree, so that with a fairly high poten- 
tial the discharge cannot pass—that is, not a luminous one, 
for a weak invisible discharge occurs always, in all prob- 
ability. Now raise slowly and carefully the potential, leav- 
ing the primary current on no more than for an instant. At 
a certain point, two, three, or half a dozen phosphorescent 
spots will appear on the globe. These places of the glass are 
evidently more violentl y bombarded than others, this being 
clue to the unevenly distributed electric density, necessitated , 
of course, by sharp projections, or, generally speaking, ir- 
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Fig. 23.—EFFECT PRODUCED BY A Ruspy DRop. 


regularities of the electrode. But the luminous patches are 
constantly changing in position, which is especially well ob- 


servable if one manages to produce very few, and this in-— 
dicates that the configuration of the electrode is rapidly — 


changing. 


From experiences of this kind I am led to infer that, 


in order to be most durable, the refractory button in the 
bulb should be in the form of a sphere with a highk 
polished surface. Such a small sphere could be m 
factured from a-diamond or some other crystal, but a 


VILGAY AD, Av 
emitted. ¢ 
tioned her 
pumice sto 
melted to 
between tv 
to produce 
pumice sto 
wire had 
its melting 
held in ab 
the button 
the button 
ing the sar 
slowly so a 
button we 
melted it ¢ 
as before, 
Leaving ou 
even prob 
these cond 
with evolu 
When tl 
certain thé 
very high, 
per second 
able. Sup 


drop by a. 
drop it wil 


IT. YONDUCTING 
“PERIMENTS WITH CON 


TUBE. © 


‘ » pressure 
lipped in eae DT. but. 
of the sheet may be Se ae 
yrner of the sheet—tha i Te 
e refractory incandes¢ enl sted 
ronally, as it often hap] ‘ fe 
of the intense heat, { iis 
and comes very ™ al 
nt, supporung the 
energy supplied to 
heating the metal tube, and the 
the purpose. The aluminium 
he glass stem more or less—one 
ass be too close to the incandes- 
iy heated and become more or 
it may be ruptured, or may, by 
cood electrical connection be- 
eleading-in wire, in which case, 
‘Il be lost in heating the former. 
make the top of the glass tube, 
h smaller diameter. To sull 
rising from the heating of the 
> view of preventing an electri- 
metal tube and the electrode, I 
th several layers of thin mica, 
‘as the metal tube. In some 
tside insulating cover. 

2 only made to aid the experi- 
‘the difficulties which he en- 
leans to overcome in his own 


inside 
vire, or filame 
or part of the 


he screen, and the advantage 
bulbs of the same size, with 
; and incandescent lamp fila- 
early alike as possible. The 
with an aluminium tube, the 
Originally the two bulbs were 
sonnected to aSprengel pump. 
en reached, first the connect- 
lbs, were sealed off ; they are 
of exhaustion. When they | 
he coil giving a certain poten-— 
the bulb provided with the 
1 highly incandescent, while | 
lb may, with the same po- 
redness, although in reality | 
rally more energy than the 
2 connected to - 
lifference is even Ae 
nae of the screening. The 
. Meg iongciyed the leading-in 
fe eqqunctions: First; it acts 
tb ot al thus econo 
; > anc’, 8econd, to whatever 
‘ment, and con i 
erioration of the mp in- 


escent bo ader sup- 
n_ wire, Ti the glass 
rder to mnfine th up 


& bod, 


ny « )y ie pouwve « 5 > aa | 7 "“*)5CF Pag - Pm 
Se ch fivet come in contac t w fs i Ua ” on eee Ol the fol 
whic ae “1 { Ee ti1be 18 more Or l@SS Chea f bn 
lowing atoms against th heckeq bj 


*@ sion which ring ; up 
the repulsio “fod atoms. This repulsion we DON 
ly electrified : | may per- 


the simile ent to prevent a large portion of the 
ee ‘ dking the tube, but at any rate it must diminigh ; 
sriiceals Cy oir impact. It is clear that when the exhat 1 
low, and the rarefied gas well conduaties 
above effects cam occur, and, on the other 
atoms, with the greater freedom +} t 
igher the degree of exhaus tree 


atoms 


energy of the 
tion is very 

neither of the 
hand, the fewer the 


rep - words, the bh 
move; 1 other wo r | 
up toa limit, the more telling will be both the effects, 


What I have just said ay ae ba ei planation of the 
phenomenon observed by Prof. Urookes, namely, that a 
discharge through a bulb is established with much greater 
facility when an insulator than when a conductor is preg. 
ia in the same. In my opinion, the conductor acts ag a 
dampener of the motion of the atoms in the two ways 
pointed out; hence, to cause a visible discharge to pass 
through the bulb, a much higher potential is needed if a 
conductor, especially of much surface, be present. 


tion, 


For the sake of clearness of some of the remarks before 
made, I must now refer to Figs 
trate various arrangements with 
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seems beyond doubt that the by" on account of 


employ for this purpose is aluminium, 
its Tieny suSrENhis. properties. Its only ae cm cl 
it is easily fusible, and, therefore, its Cate ne ey 
incandescing body shuuld be properly estimated. in ys 
a thin tube, of a diameter somewhat smaller er : ee 
the glass stem, is made of the finest aluminium shee a 
slipped on thestem. The tube is conveniently prepare ta) 
wrapping around a rod fastened in a lathe a eee y ‘we 
minium sheetof the proper size, graspIns the sheet Ur a 
with clean chamois leather or blotting pape, and or oe 
the rod very fast. The sheet is wound tightly aroun ae e 
rod, and a highly polished tube of one or three layers of the 
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Fig. 20.—BULB FOR 


sheet is obtained. When slipped on the stem, the pressure 
is generally sufficient.to prevent it from slipping off, but, 
for safety, the lower edge of the sheet may be turned in- 
side. The upper inside corner of the sheet—that is, the 
one which is nearest to the refractory incandescent body 
—should be cut out diagonally, as it often happens 
that, in consequence of the intense’ heat, this 
corner turns toward the inside and comes very near 
to, or in contact with, the wire, or filament, supporting the 
refractory body. The greater part of the energy supplied to 
the bulb is then used up in heating the metal tube, and the 
bulb is rendered useless for the purpose, The aluminium 
sheet should project above the glass stem more or less—one 
inch or so—or else, if the glass be too close to the incandes- 


cing body, it may be strongly heated and become more or 


knobs or Spdneres | 

Finally, at very 
ig well conductin: 
an electrostatic s¢ 
considerable exte 
from the leading- 
In this case, nal 
connection with t 
bardment is direc 
trical connection 
of some advantag 
mize energy, still 
button, and is a! 
the same. 

To whatever ex 
tion of ascreen, 1t 
degrees of exhat 
trode—that is, Ww) 
and the molecule 
electric charges. 

In addition to < 
the true meanin; 
ing may also act 
of equalizer or d 
To be CxS 


¥ 1 > 
aan < pin wt AMC 
pose a rhnytnmic 


atatm 
But ilie 


ducting tube by 
it certainly mus 
strike the tube s 
in contact wit 
and the tube 
stantly spread 
diminish the 


reasons: first, t 
over a great are 
point is small, < 
than they woul 
sulator; second 
which first com 
lowing atoms 
the repulsion \ 
the similarly e 
haps be sufficie 
from striking | 
energy of thei 
tion is very | 
neither of the 
hand, the few 
move; in othe 
up to a limit, ’ 
What I have 
phenomenon 
discharge thr« 
facility when 
ent in the san 
dampener of 
Nainted ante 


This object is best attained in the spherical bulb ; but it is 
also attained in a cylindrical vessel with one or two straight 
filaments coinciding with its axis, and possibly also in par- 
abolical or spherical bulbs with the refractory body or 
bodies placed in the focus or foci of the same; though the 
latter is not probable, as the electrified atoms should in all 
cases rebound normally from the surface they strike, unless 
the speed were excessive, in which case they would prob- 
ably follow the general law of reflection. No matter what 
shape the vessel may have, if the exhaustion be low, a fila- 
ment mounted in the globe is brought to the same degree 
ot incandescence in all parts; but if the exhaustion be high 
and the bulb be spherical or pear-shaped, as usual, focal 
points form and the filament is heated to a higher degree 
at or near such points. 
To illustrate the effect, I have here two small bulbs which 
are alike, only one is exhausted to a low and the other to a 
very high degree. When connected to the coil, the fila- 
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Means O© a single coil and core; my explanation of the 
phenomenon, and leading thought in trying the experi- 
ment, being that there must be a true time lag in the mag- 
netization of the core, T remember the pleasure I had when, 
in the writings of Professor Ayrton, which came later to 
ny, hand, I found the idea of the time lag advocated. 
W hether there is a true time lag, or whether the retarda- 
tion is due to eddy currents circulating in minute paths, 
Must remain an open question, but the fact is that a coil 
wound upon an iron core and traversed by an alternating 
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Fic. 17.—SINGLE WIRE AND “ No-WIRrE” Moror. 


current creates a moving field of force, capable of setting 
an armature in rotation. It is of some interest, in conjunc- 
tion with the historical Arago experiment, to mention that 
in lag or phase motors I have produced rotation in the Oppo- 


- site direction to the moving field, which means that in that 


experiment the magnet may not rotate, or may even rotate 
in the opposite direction to the moving disc. Here, then, is 
a motor (diagrammatically illustrated in Fig. 17), compris- 
ing a coil and iron core, and a freely movable copper 


disc in proximity to the latter. 


To demonstrate a novel and interesting feature, I have, — 
for 9 reason which T will exnlain. selected thie twnea af 
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__ When the globe L (Figs. 12 and 18) is exhausted to% 
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small sphere 8, sealed to 1t, so that two entirely ind, 
ent compartments are formed, as indicated in the dreeis 
When the bulb is in use, the neck 7 is provided with woe 
foil coating, which is connected to the generator eee 
inductively upon the moderately rarefied and hich a acts 
ducting gas inclosed in the neck. From there the a Rae 
passes through the tube 6 into the small sphere s, to bs et 
induction upon the gas contained in the globe L Bi. 
It is of advantage to make the tube ¢ very thick the } 
through it very small, and to blow the sphere 8 var : ate 
It is of the greatest importance that the sphere s bee lac 
in the centre of the globe L. ade 
Figs. 14, 15 and 16 indicate different forms, or stages, of 
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FORMS AND PHASES OF THE ROTATING BRUSH. 


es brush. Fig. 14 shows the brush as it first appears in a 
. rovided with a conducting terminal ; but, as such 
i it very soon disappears—often after a few minutes”— 
will confine myself to the description of the phenomenon 
as seen in a bulb without conducting electrode. It is ob- 
served under the following conditions : 
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frequencies are used, it is of equal importance to combine 
a condenser with the primary. One may use a condenser 
connected to the ends of the primary or to the terminals of 


the alternator, but the latter is not to be recommended, as 
the machine might be injured. The best way is undoubt- 
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BULBS FOR PRODUCING ROTATING BRUSH. 
properly interlaced would, of course, be the best to 


employ for the primaries, but they are not to be had. 
In an experimental coil the size of the wires is not of 


great importance. In the coil here used the primary is No, _ 


12 and the secondary No. 24 Brown & Sharpe gauge wire ; 
but the sections may be varied considerably. It would only 
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In most of the succeeding experiments 4 pix 
on account of the regular and positive action, to 
the alternator before referred to. This is one of t 
eral machines constructed by me for the purposes 0 
investigations. It has 384 pole projections, and is 
of giving currents of a frequency of about 10,000 
ond. This machine has been illustrated and_ bri 
scribed in my first paper before the American Inst 
Electrical Engineers. May 20, 1891, to which Ihave 
referred. A more detailed description, sufficient t 
any engineer to build a similar machine, will be fe 
several electrical journals of that period. 

The induction coils operated from the machine ar 
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tained in wooden boxes covered with zine sheet. 
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It is perhaps preferable to perform this experiment with 
a coil operated from an alternator of high frequency, as 
then, owing to the harmonic rise and fall, the streams are 
very uniform, though they are less abundant than when 
produced with such a coil as the present. This experiment, 
however, may be performed with low frequencies, but 
much less satisfactorily, 
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are set at the proper distance, the streams hateas them 
may be so intense as to produce a continuous Sa ceaees 
sheet. To show this phenomenon I have here two circles, 
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